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A l-in. bore stainless steel right-angle shut-of 
valve having no organic sealing material and 
capable of being baked at temperatures up to 


590° C. The connecting flanges have special 
metal gasket seals terminating in either 1 in. 
diameter hard glass tube or stainless steel tube. 
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RESEARCH ASSOCIATIONS AND THEIR FUNCTIONS 


N its report for the year 1958, the Council for 
I Scientific and Industrial Research discussed 
briefly its general policy towards the research 
associations, expenditure on which, in revenue and 
capital grants, it envisaged as rising by about a third 
dwing the next five years, because their scope and 
activities are growing steadily in response to the 
expressed needs of industry. The Council’s policy, 
however, is that industry should bear an increasing 
share of the total operating cost of the associations, 
and it is envisaged that over the next five years 
grant-earning income from industry will be 46 per 
cent greater than during the past five years, while 
the grants themselves will be only 34 per cent greater. 
For the year ended March 31, 1958, annual grants to 
the associations totalled £1,700,330, compared with 
£1,424,830 in the previous year, with special grants 
of £32,571, compared with £126,954. The total 
income of the associations is given as just under £7 
million. It was stated that during the fifteen months 
ended December 31, 1958, new or revised terms of 
grant had been awarded to ten of these associations. 

The new terms are set out in “Research for 
Industry, 1958°’* (see also p. 238 of this issue). This 
report on the work of the industrial research associa- 
tions includes a@ summary of the report of the 


Industrial Grants Committee, which at the re- 
quest of the Council has surveyed the work done 
by research associations, and the methods used 
to assess the applications for grants received 


from industry. The main conclusions and recom- 
mendations of this Committee have been accepted 
by the Council and, besides considering research 
association grant policy in the period 1957-64, the 
Committee’s report reviews particularly the achieve- 
ments of the ten associations which have received 
new or modified terms of grant. ‘Research for 
Industry, 1958” also includes an assessment by Dr. 
D. T. A. Townend of the place of the research associa- 
tions in the evolution of scientific endeavour in Great 
Britain, and a report prepared for the Committee of 
Directors of the Textile Research Associations on 
how co-operative research serves the textile indus- 
tries. These two surveys throw rather more light 
than the new terms of grant on how in practice the 
Couneil’s new policy is being interpreted. 

The Industrial Grants Committee was greatly im- 
pressed with the rapid progress of research associa- 
tions towards maturity and with the rising quality 
of the research they carry out and the services they 
to industry. The Council is satisfied that 
co-operative research, as fostered by the Department, 
is of great value to industry and the nation, and that 
the Department of Scientific and Industrial Research 
should continue to give it whole-hearted support. 


give 


* Department of Scientific and Industrial Research. Research for 
Industry 1958: a Report on Work done by the Industrial Research 
Associations in the Government Scheme. Pp. iv+135. (London: 
H.M. Stationery Office, 1959.) 7s. 6d. net. 


All told, the grant-aided organizations in the scheme 
serve about 55 per cent of British manufacturing 
industry, and besides basic and applied research 
their activities include the study of factory operations 
and working conditions, library and information 
services and technical and advisory work for indi- 
vidual firms. The largest single function is applied 
research on problems common to the whole of the 
industry served. 

The Council also endorses the Committee 
that co-operative research brings important specific 
benefits to industry, economizing on money and 
scientific man-power, and offering a scientific service 
to firms that cannot afford research departments of 
their own. It helps to guide industry towards an 
appreciation of the value of research in general and 
facilitates an exchange of technical information and 
other forms of mutual assistance. Finally, it builds 
up a store of knowledge on which the nation, through 
Government departments, can draw. 

These. are large claims, some of which have been 
challenged, at least to the extent of asking whether 
certain functions could be more efficiently served in 
other ways or by changing the technical character of 
the associations themselves. Nevertheless, their 
acceptance by the Council seems to dispose of any 
suggestion that the Council is intending to wind up 
some of the research associations. Indeed, it is 
specifically stated that the expansion contemplated 
over the next quinquennium allows for an increase in 
their number, since recent estimates of the Depart- 
ment suggest that nearly a fifth of the net output of 
British manufacturing industry comes from trades 
which in the Committee’s view are not fully covered 
by existing research facilities. Some of these trades 
might in future be appropriately served by grant- 
aided research associations. 

Until the Second World War, Government aid to 
research associations in Britain was based on the 
assumption that they would eventually support them- 
selves entirely. In 1945, however, it was decided 
that this policy was no longer in the national interest, 
and that industrial grants should become one of the 
continuing activities of the Department. The pro- 
cedure now generally followed is to award a basic 
‘block’ grant and supplement it with an ‘incentive’ 
payment which varies (up to a maximum) according 
to what income an association can raise from 
members. Aid is generous to a young research 
association serving an industry which does not yet 
recognize the full value of research; but, as the 
association establishes itself and increases both the 
scale of its work and the contribution science can 
make to the productivity of its member firms, the 
incentive is gradually reduced, and it ceases altogether 
when the association reaches its appropriate size. 

Even so, Dr. D. T. A. Townend points out that 
eleven associations have an annual income of less 
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than £50,000 and only two receive more than £500,000. 
Eighteen have incomes between £50,000 and £100,000, 
eight between £100,000 and £250,000, and seven 
between £250,000 and £500,000. These are not high 
figures for research to-day, and it could be asked 
whether they are always high enough for efficiency. 
The Industrial Grants Committee is clearly asking 
the right questions when a grant comes up for review 
at the end of five years, and the Council accepts its 
view that it is important to continue paying a block 
grant after the association has reached an appropriate 
size. 

This size obviously must take aecount of the 
adequacy of the facilities of an association for effective 
research, but the Council concurs in the Committee’s 
view that continuance of the block grant will enable 
the Department to exercise an important and bene- 
ficial influence on industrial research and ensure that 
each association has the necessary proportion of basic 
It is also argued that a 
channel is thus kept open for the steady flow of 
research results to Government departments ; this 
helps to prevent undesirable overlapping of projects 
and to secure desirable co-operation on programmes 
of wide interest. 

Before these propositions are accepted, their im- 
plications for the Council of Scientific and Industrial 
Research require examination. They presuppose the 
existence of an administrative structure for which 
even the Lord President of the Council has disclaimed 
responsibility. Some overlapping should certainly be 
prevented by the Council for Scientific and Industrial 
Research ; but it should be clear from the discussion 
aroused by recent proposals for a programme of 
space research to be undertaken by Britain that there 
is by no means general agreement that administrative 
arrangements are yet such as to ensure the minimum 
of overlapping, much less the most desirable balance 
and distribution of research effort. 

Since the policy of reducing incentive grants was 
adopted in 1951, the overall ratio of grant to indus- 
trial income has fallen from 1: 1-65 to 1: 2-5, and 
the lowest individual ratio is now 1: 4-6. There is 
nothing mechanical about the trend, and although 
the ratio is not given for the ten associations for 
which the terms of grant were revised during the 
past year, the ratio of incentive grant to additional 
income varies from 1:1 to 1:2, and the maximum 
incentive grant from £3,000 to £18,000. These figures 
show, however, that the reduction of incentive grants 
is being exercised with the flexibility which the 
Council adumbrates. 

It is recognized that a long time may be required 
for an association to convince industry of the value 
of its work and that if the incentive grant is reduced 
too quickly, industrial research may be discouraged 
and the purpose of the grant defeated. Likewise, 
changes in the purchasing power of money have to 
be considered, particularly when research associations 
receive only a block grant. 


research in its programme. 


An allowance to restore 


the real value of the grants was made in 1955, and the 
Industrial Grants Committee recommends a similar 
provision if necessary for the next quinquennium. 
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More important than this question of finance, how- 
ever, is that of function. The Council endorses the 
Industrial Grants Committee’s view that it is very 
important to keep a proper balance in the activities 
of the associations between basic research, applied 
research (including development work) and informa- 
tion, liaison and consultant services. In some indus- 
tries pioneering studies of factory operations and 
working conditions are best made on a co-operative 
basis, and the Council believes that research associa- 
tions should extend this work where conditions are 
suitable, and that, wherever appropriate, the Depavrt- 
ment of Scientific and Industrial Research should 
carry out its research in this field and disseminate 
the results, in close collaboration with the associations. 

No indication is given as to what is regarded as a 
proper balance between the various activities. That 
will naturally vary from industry to industry, as well 
as with the maturity of the association. It is left for 
Dr. Townend to supply a rough estimate as to the 
proportion of the £7 million of the total income which 
is spent on fundamental research, though _ this 
estimate does not necessarily also indicate the pro- 
portion of man-power which is devoted to funda- 
mental Of a total staff of some 5,000, 
1,450 are graduates or possess equivalent qualifica- 
tions, 1,750 are research assistants, 850 artisans and 
950 administrative staff. 

Both the Council and its Industrial Grants Com- 
mittee hold that, so long as co-operative research 
programmes do not suffer, research associations 
should be encouraged to undertake a reasonable 
amount of sponsored research. Some associations 
are already prepared to do so, and generally have a 
small proportion of their staff engaged in this way. The 
practice offers definite advantages in giving research 
workers useful experience and in strengthening the 
contact between research associations and industry. 

The Council insists, nevertheless, that the chief 
task of the research associations is co-operative 
research and that there are other facilities for spon- 
sored research, offered by private bodies without 
Government assistance. It would welcome increased 
participation by research associations in sponsored 
research, but such activities must be kept within 
reasonable limits. In future a grant-aided association 
is free to undertake sponsored projects without con- 
sulting the Industrial Grants Committee provided 
the income arising is unlikely to exceed 15 per cent 
of total income in any year, and that the estimated 
cost of any one project is not more than £5,000. 

Dr. D. T. A. Townend’s review examines this 
question of function a little further. He points out 
that the present total income of the research associa- 
tions in Britain, namely, £7 million, must be compared 
with the expenditure of private industry on research 
and development of £58,000,000, or 0-8 per cent 
of industrial output ; and this £7 million is less than 
half the £14-4 million expended on research under- 
taken within the universities in science, technology, 
medicine and agriculture, towards which the Govern- 
ment provided about £12 million. The universities 
are mainly concerned with extending the frontiers of 


research. 
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scientific knowledge in an atmosphere of intellectual 
freedom and usually without regard to the immediate 
and specific applications of their work. Industrial 
laboratories, he suggests, are mostly devoted to study 
of the processes and products of a particular firm, 
with the object of developing something which that 
firm can do, and will do, probably to the exclusion 
of others. 

That the last proposition should not be accepted 
without qualification does not, however, affect the 
validity of Dr. Townend’s claim that the research 
associations are in a unique position to pinpoint the 
research problems of importance to the whole of their 
respective industries. The validity of that claim 
depends rather on the effectiveness of their contact 
with the industries they serve, their ability to recruit 
and retain staff of appropriate experience and ability, 
and on the quality of their directorate. Some of 
these factors can be influenced by the Council for 
Scientific and Industrial Research, but only to a 
limited extent, and they should be borne in mind in 
considering Dr. Townend’s argument. There is a 
separate domain between the universities and indus- 
try, he argues, in which knowledge of the basic 
principles of industrial processes has to be sought 
with a particular and definite objective. This region 
accordingly is mostly unsuitable for the universities 
and is also somewhat too long in range or too expen- 
sive, at least for the smaller industrial firms in their 
own laboratories. This, he claims, is particularly the 
domain of the with their 
resources and teams of scientists capable of covering 
a variety of disciplines with a character and _ indi- 
viduality of their own. no fuss about 
claiming freedom of action—the Industrial Grants 
Committee is emphatic as to the need for preserving 
the autonomy of the associations—nor are unattrac- 
tive features of the field of investigation neglected. 

Dr. Townend believes that industry in Britain has 
been well served by the research associations for many 
years in a well-defined field uniquely appropriate to 


research associations, 


There is 


the associations, with no fear of overiap, and he also 
suggests that the practice in most associations of 
pursuing both long-range and short-range objectives 
side by side contributes to the long-term future of 
the industries they serve, as well as to the virility of 
the overall activity of the associations. As to the 
balance of research, Dr. Townend refers to a recent 


survey of the activities of some thirty-two associa- 
tions, which showed that the proportion of effort 
devoted to basic research varied from 10 per cent to 
67 per cent, the average being about 28 per cent, 
whereas that devoted to applied research averaged 
63 per cent. Close contact has almost invariably 
been established between the associations and the 
universities, wherever research work of relevance to 
that of the association is already undertaken at uni- 
versities. Sometimes the associations assist univer- 
sity departments by financing 
fellowships or bursaries, and this assistance may be 
given to an existing programme in a university 


contracts or by 


department, or an association may seek to arouse the 
interest of a university department in a new subject. 
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Dr. Townend appears to be satisfied that these 
arrangements are adequate. They increase the 
‘thinking potential’ of an association and help to 
relate the work of university scientists to the needs 
of industry. Often they are particularly effective in 
ensuring that university workers are provided with 
a correct translation of an industrial problem into 
scientific terms, and they supplement the necessarily 
limited results obtained by postgraduate students 
with ancillary measurements and background in- 
formation, thus enabling the results of the work to 
be applied more readily. What is not specifically 
stressed is the atmosphere for research which the 
associations could provide and which was rightly 
stressed by Mr. J. Wilson in his Hinchley Memorial 
Lecture last year, and this atmosphere is one which 
the Council for Scientific and Industrial Research 
could certainly foster. 

Clearly the interchange of staff between the 
research associations and the universities can be 
beneficial here ; but Dr. Townend notes that such 
transfer has decreased in recent years, possibly in 
consequence of the general shortage of scientists and 
of the rapid growth of departments of science and 
technology within the universities. This interchange 
could well be as important as the interchange of staff 
between the associations and industry itself; and 
valuable as may be the contributions of the associa- 
tions in research, they will only render their full 
service to industry when such interchange of staff 
proceeds freely and to the maximum extent. It can 
be an important factor, as Dr. Townend notes, in 
supplying industry with senior staff at the managerial 
as well as the technical level, and the educational 
potential of the associations is not the least reason 
for justifying the continuance of support from the 
Department of Scientific and Industrial Research. 
There may well be scope for further specific develop- 
ment of the training potential of the associations 
without interfering with their primary and main 
function of co-operative research. It should be clear, 
however, that if they are to render their full con- 
tribution to industrial development, they must be 
assured not only of wise and far-sighted leadership, 
but also of sustained financial support, probably on 
a more generous scale than the resources at present 
available to the Department of Scientific and Indus- 
trial Research have yet permitted. 


ROCKETS AND SATELLITES 
Manual on Rockets and Satellites 
Edited by L. V. Berkner, in association with Gilman 
Reid, John Hanessian, Jr., and Leonard Cormier. 


(Annals of the International Geophysical Year, 
Vol. 6.) Pp. xx+508. (London and New York : 


Pergamon Press, 1958.) 160s. 
HERE is little doubt that this volume of the 
Annals of the International Geophysical Year 
contains the most comprehensive account yet pub- 
lished of the researches being carried out and the 
methods and techniques being used in ihe fields of 
Any book dealing with such 


rockets and satellites. 
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a young and rapidly growing subject will inevitably 
date rather quickly, and it so happened that the 
launching of the first Russian Earth satellite occurred 
at a very late stage in the preparation of this work. 
The preliminary account of the Russian results, and 
the rapid switch in the emphasis of the American 
satellite programme from the Vanguard to the 
Explorer series, are dealt with rather briefly in 
annexes. It is perhaps fortunate that we have on 
record here, written before it was overtaken by 
events, the American plan for the scientific programme 
intended for the Vanguard satellites. 

Viewed as a whole the volume cannot fail to be an 
invaluable source of reference to workers in the 
field. The upper atmosphere research rocket which 
still has a vital part to play is not neglected, but the 
greater part of the book is devoted to Earth-satellite 
programmes and plans. Those whose interest is more 
general will gain an insight into the complexities of 
planning and the widespread co-operation needed in 
a space research programme, in addition to a sober 
review of the many new avenues of scientific research 
now being opened. The volume takes the form of a 
series of scientific papers, covering subjects as diverse 
as the design of instruments for many rocket- and 
satellite-borne experiments, and the organization of 
volunteer visual observing teams, both in the United 
States and in the U.S.S.R. It is indeed pleasing to 
find an international flavour throughout, with 
significant contributions from the U.S.S.R. 

The book is handsomely produced and illustrated, 
as is to be expected for the price. One must hope 
that the end of the International Geophysical Year 
itself will not prevent the compilation of further 
authoritative international volumes in these expand- 
ing fields. 


MICROCOSM TO MACROCOSM 
Matter, Earth and Sky 


By Prof. George Gamow. Pp. xi+593. 
Macmillan and Co., Ltd., 1959.) 50s. net. 


(London : 


XUBERANT and encyclopedic are the only 

terms to describe this interpretation of the 
material universe, most appropriately dedicated to 
“Aspiring Youth’. In the days of stone-turning 
and avenue-exploring, barriers had to be either 
surmounted or torn down; Prof. Gamow himself 
was the first to realize that with the right kind of 
approach nothing so drastic is needed, and that they 
can be gently tunnelled through. There is certainly 
a barrier between the experience of the ordinary 
individual and the physicist’s interpretation of it. 
In this book, without demanding excessive penetra- 
tion on the part of the reader, the author has success- 
fully brought into the open the truths that occupy 
the inner levels of the well. 

The style follows the author’s usual 
formula—saying what comes naturally. 
some old friends, including C. G. H. Tompkins, 
translated to an American setting, but still on a 
communal Cambridge bicycle. The illustrations are 
excellent, original and relevant—even those that are 
put in just for fun, like the one showing an ‘experi- 
ment’ on the thermal expansion of a body, which 
looks rather unkind. Scientists are pictured with a 
richly human touch—Otto Hahn registering sheer 
amazement at the fission of uranium, Compton 


successful 
There are 
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strumming his banjo with effect, and Bohr in orbit 
on a motor-cycle. 

The book is divided into three sections. The first, 
on ‘Matter and Energy’’, deals with the elementary 
physics of the surroundings, relating everyday 
observations to fundamental principles. This ranges 
widely from simple mechanics to computers and 
satellites and rocketry and relativity. The second, 
entitled ‘‘Microcosm”’, starts with the kinetic view 
of matter in terms of molecules, and covers atomic 
and nuclear physics, and a good deal besides. The 
chapter on the chemistry of life, which goes very 
fully into protein structure, and discusses Watson 
and Crick’s model of the structure of deoxyribo- 
nucleic acid and its implications for the possible 
working of heredity, is important both for its contents 
and its influence on the young reader who may 
(though not if he has got so far through the book) 
tend to regard physics as a little remote from living. 
The third part, ‘““Macrocosm”’, deals with the Earth 
and its history, the planets, the evolution of the 
stars, the origin of the elements and of the galavxies, 
and the recent theory of continuous creation. 

So much could not have been achieved in a single 
book without very careful planning of the sequence 
of material, and much skill has been devoted to 
placing the discussion of a fundamental topic in rela- 
tion to the general framework. Electrolysis, for 
example, appears in the second part, where the 
electrical nature of matter is treated. This means 
that it is a book to be read through, without dodging 
back to the beginning for explanations. 

It is a splendid book, and highly to be recommended 
to the general reader and for the library. Although 
very good value for money, its price unfortunately 
places it high up in the gift-book class. The unkind 
experiment mentioned above supposes the co-opera- 
tion of a good-natured relative, and any aspiring 
youth who can get such a one in an expansive mood 
would be well advised to clamour for this book as 
a present instead. G. R. NOAgEs 


SURVEYS IN ‘APPLIED’ 
MATHEMATICS 


Some Aspects of Analysis and Probability 

By Irving Kaplansky, Marshall Hall, Jr., Edwin 
Hewitt and Robert Fortet. (Surveys in Applied 
Mathematics, Vol. 4.) Pp. xi+243. (New York: 
John Wiley and Sons, Inc. ; London: Chapman and 
Hall, Ltd., 1958.) 72s. net. 


HIS book is the fourth of John Wiley’s “Surveys 

in Applied Mathematics”; its production was 
sponsored by the United States Office of Naval 
Research and by the editorial board of ‘‘Applied 
Mechanics Reviews’; its authors are described as 
being, and indeed are, ‘internationally recognized 
authorities in the areas of applied mathematics 
covered by their surveys’: Hall writes on com- 
binatorial analysis, and Fortet on probability theory, 
while functional analysis and abstract harmonic 
analysis are surveyed respectively by Kaplansky and 
Hewitt. An English reader, accustomed to the rigid 
division between applied mathematics (where nothing 
is proved) and pure mathematics (where nothing is 
useful) may well find the classification puzzling. Only 
the probabilist will be untroubled by it ; his subject, 
having an axiomatic foundation and yet deriving 
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all its inspiration from practical problems, has no 
place in the traditional classification ; he will be 
quite happy in the applied mathematical club so 
long as the topological-algebraists are there to keep 
him company. 

Kaplansky’s article (32 pages) is the shortest in the 
book, but is supported by a magnificent bibliography 
of 113 entries, nearly half of them concerning papers 
by Russian authors; he gives a remarkably clear 
and concise account of many topics of current 
interest in the theories of Banach spaces, locally 
convex spaces and Banach algebras. 

Hall’s survey of combinatorial analysis will be of 
value not only to algebraists but also to statisticians 
interested in the existence and construction of 
designs and to the industrial mathematician con- 
cerned with linear programming. For the latter there 
is a fascinating chapter on the theorems of Philip 
Hall, Kénig and Ramsey, and their applications ; 
these include the transportation problem, the travel- 
ling-salesman problem, and also such curiosities as 
the following (Erdés and Szekeres, 1935): ‘“There 
exists an integer-valued function N(n) of the integer 
variable » such that every set of N points in the 
plane, no three on a line, will contain points form- 
ing a convex n-gon”’. 

Hewitt’s long article on abstract harmonic analysis 
presents a connected account of a difficult and 
important field, which is the more valuable because 
a large number of the most important papers reviewed 
here were published in Russian. Readers of the 
older text-books on Lebesgue integration encounter 
theorems of two kinds: those which make essential 
use of the group structure of the real line, and those 
which do not. Those which do not (for example, the 
Lebesgue convergence theorems) properly belong to 
measure theory, while those which do (for example, 
theorems about convolutions, and the whole of the 
Fourier theory) can nearly all be generalized to the 
situation in which the real line is replaced by a (say, 
abelian) locally compact group and Lebesgue measure 
is replaced by Haar measure, and this is the situation 
with which abstract harmonic analysis is concerned. 

Fortet gives a most valuable account of a number 
of special topics in probability theory, of which the 
most characteristic is development of techniques for 
handling random elements of general type. A prob- 
ability space is a non-vacuous set Q, a Borel field J 
of ‘measurable’ subsets of 2, and a totally finite 
measure pon J normalized so that p(Q) = 1. A 
random variable 2(.) is a mapping from Q to the 
real line such that all counter-images of real 
intervals are SJ] -measurable, and an n-dimensional 
random variable is defined similarly. The classical 
theory was concerned exclusively with finite sets of 
such random variables; the modern theory of 
stochastic processes is concerned with infinite sets 
of random variables, suitably parametrized, and the 
theory of general random elements is concerned with 
(in the first instance single) random variables 2(.) 
where now the range of the mapping w — 2(w) lies 
not on the real line nor in n-dimensional euclidean 
space, but in some more general topological-algebraic 
structure. For example, Mourier and Fortet have 
studied random variables taking values in a Banach 
space, and Gel’fand has studied random (Schwartz) 
distributions. In a sense the distinction between 
stochastic processes and general random elements is 
artificial, for if o — x(t,w) (for each ¢t in some parameter 
set T') is a set of random variables constituting a 
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stochastic process, then w -— 2(.,@) can be thought 
of as a general random element, and conversely most 
of the general random elements one wishes to con- 
sider in practice (random age-distributions, random 
energy-spectra, etc.) can be reduced to systems of 
numerical random variables. But the direct treat- 
ment of a random variable of general type, where 
possible, offers many attractions, and there can 
be no doubt that this branch of the subject will 
attract considerable attention during the next few 
years. 

The publishers are to be congratulated both on 
the quality of the surveys included in this volume 
and on their decision to publish this group of four 
surveys together. D. G. KENDALL 


FUTURE MARINE BIOLOGICAL 
RESEARCH 


Perspectives in Marine Biology 

A Symposium held at Scripps Institution of Oceano- 
graphy, University of California, March 24~-April 2, 
1956. Edited by A. A. Buzzati-Traverso. Pv. xvi+ 
621. (Berkeley and Los Angeles: University of 
California Press; London: Cambridge University 
Press, 1958.) 75s. net. 


ms PPROXIMATELY 90 to 95 per cent of all 

biologists are engaged in terrestrial biology. ... 
These biologists have a tendency to consider Marine 
Biology as a somewhat secondary biological annex.” 
P. Drach (p. 603 et seq.) further states that general 
biology can never be properly balanced if based 
predominantly on terrestrial forms, however im- 
portant they are to our welfare, a view shared by 
many of the contributors. The expansion of marine 
biology is reflected by the wide range of subjects 
presented at a symposium planned to focus attention 
on forthcoming fields of marine research. It is sig- 
nificant that a number of contributions come from 
non-marine biologists. Forty-one papers, with sub- 
sequent discussions, are arranged in four sections : 
ecology ; physiology and biochemistry ; behaviour ; 
evolution and genetics. 

Ecological papers by P. Drach, L. Zenkovitch, G. 
Thorsen, A. C. Hardy and others, while emphasizing 
that more field observations on animal communities 
are required, show the urgent need for new design 
and international standardization of instruments and 
techniques for quantitative sampling. Field observa- 
tion is so much stressed that K. M. Rae’s plea, 
echoed elsewhere, for laboratory observation and 
experiment on marine equivalents to the guinea pig 
and fruit fly stands out from the rest. D. P. Wilson’s 
studies on the ability of organisms to detect factors 
at present defying analysis, and so select a particular 
substrate, are stimulating. Further emphasis on this 
need for study on microconstituents is given by 
S. K. Kon (vitamins and external metabolites), 
D. I. Arnon (micronutrients) and L. Provasoli 
(growth factors of marine algae). E. Baldwin’s paper 
on biochemical perspectives and the need for more 
biochemists in marine research is timely. 

Papers on reef-building corals (C. M. Yonge) ; 
productivity, patchiness and succession in plankton 
(W. Rodhe et al., R. Margalef, A. C. Hardy, L. Tonelli 
and V. Tonelli); cell chemistry (E. S. G. Barron, 
A. Szent-Gyérgyi) ; biological clocks (C. 5. Pitten- 
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drigh, F. A. Brown, jun.) show the variety of future 
problems. ‘That the section on behaviour consists 
of four papers as compared with twelve or thirteen of 
the other sections emphasizes our lack of know- 
ledge. W. H. Thorpe’s excellent discussion of 
ethology indicates the vast amount of data awaiting 
discovery by simple observation assisted by aqualung, 
eamera; and T. H. Waterman’s 

underwater polarization patterns 
suggests many new ideas about plankton behaviour. 

If the biochemist is rare in marine biology how 
much more the geneticist. Yet D. L. Ray shows that 
many species are suitable for genetical study, while 
papers by V. L. Loosanoff and Y. Matsui point the 
way to controlled shellfish breeding and farming. 
Geographical distribution, races, speciation of pelagic 
forms where there appears to be no barrier to gene 
flow, are challenging problems to all. 

This book is not just a list of problems for the 
future. Most contributors base their speculations 
on accounts of present work, much of it unpublished. 
Many contributions are of immediate concern and 
it is regretted that it has taken more than two and 
a half years to produce a book that one might expect 

-and hope—will soon be out of date. Errors are 
few, the chief being the transposition of legends to 
text-figures 2 and 12 in Hardy’s paper, while the 
last two lines to the legend of text-figure 1 of Bogorov’s 
paper should read “continuous line indicates quantity 
of phytoplankton and broken line quantity of zoo- 
plankton”, That the contributions are contained in 
621 pages is largely due to the small type, but it 
remains easy to read and the tables and figures are 
well set out. Non-marine biologists would do well 
to read this book for much of it has general biological 
implications. J. A. ALLEN 
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HETEROCYCLIC CHEMISTRY 


Heterocyclic Chemistry 

An Introduction. By Prof. Adrien Albert. Pp. 
viii+424. (London: The Athlone Press, University 
of London, 1959. Distributed by Constable and Co., 


Ltd.) 45s. net. 


Six-Membered Heterocyclic Nitrogen Compounds 

with Three Condensed Rings 
By C. F. H. Allen, in collaboration with G. M. 
Badger, Brice Graham, G. A. Reynolds, James H. 
Richmond, John R. Thirtle, J. A. Van Allan and 
C. V. Wilson. (The Chemistry of Heterocyclic Com- 
pounds: a Series of Monographs, Vol. 12.) Pp. 
Xxii + 624. (New York: Interscience Publishers, 
Inc. ; London: Interscience Publishers, Ltd., 1958.) 
196s. 


HEMISTS in general and students in particular 

have long been in need of a book of reasonable 
size on heterocyclic chemistry, but the digestion, 
selection and presentation of the subject have appar- 
ently daunted chemists, for Morton’s book, published 
in New York in 1946, has been the only work of 
note to appear for many years. This is not sur- 
prising, for our present detailed knowledge of hetero- 
cyclic chemistry must exceed in volume that of ali- 
phatic or of aromatic chemistry, and the infinite 
variety of heterocyclic compounds must cause this 
difference to become ever greater. A work by Prof. 
Albert is therefore warmly welcome, and it is ex- 
ceptionally interesting to see how he has approached 
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the task of giving a concise account of this subject 
in 375 excellently printed pages, 

He has certainly broken completely away from the 
orthodox treatment, in which each class is usually 
discussed largely in the order: syntheses, reactions, 
and finally structure on the basis of these two sections. 
Instead, Prof. Albert makes primarily an electronic 
structure approach to the various classes, and also 


discusses their physical properties, particularly 
spectra, ionization constants, oxidation-reduction 


potentials, and dipole moments in considerable (and 
very valuable) detail, relegating much of the synthetic 
side to smaller print. This makes absorbing reading 
to the more advanced chemist, but one wonders 
whether students will both grasp and then continue 
to visualize the main bulk of heterocyclic compounds 
as ‘“‘x-Deficient N-Heteroaromatics”’, ‘“x-Excessive 
N-Heteroaromatices”, and ‘“x-Excessive O- and 
S-Heteroaromatics”, which form the titles of the 
author’s three main chapters ? 

The author has dealt with the problem of condensing 
the sheer bulk of material partly by confining refer- 
ences to original literature to papers published since 
1930, on the ground that these papers will provide 
sufficient references to earlier work. The result can 
be unfortunate, for an account of fundamental work is 
often followed solely by a recent reference, which 
may record comparatively trivial modifications or 
extensions of the earlier work: consequently the 
student may often lack the means to honour “‘the 
memory of the pioneers of heterocyclic chemistry” 
to which the book is dedicated. It is a pity, further- 
more, that although two distinct series of volumes on 
heterocyclic chemistry are still appearing, references 
are given almost solely to Elderfield’s series, and the 
larger Weissberger series is almost ignored. 

The reviewer notes with interest the categorical 
statement that purines synthesized by building a 
pyrimidine ring on to an iminazole ring “have always 
introduced a hydroxy- or amino-group in the 6- 
position” (p. 198). Mann and Porter, in 1945, 
synthesized by this method a number of 1 : 7-dialkyl- 
purines which did not contain these groups in this 
position. 

The fresh approach, the clear lucidity of the 
presentation, and the author’s personal enthusiasm 
have produced a book which chemists will read with 
great interest. 

The other volume, the twelfth to be published in 
the Weissberger devoted solely to the 
chemistry of compounds having three six-membered 
rings fused together, the only hetero element being 
one or more nitrogen atoms. The vast amount of in- 
formation, carefully classified and coded in about 
600 pages, vividly illustrates the reviewer’s earlicr 
comment on the expanse of our knowledge of hetero- 
eyclic chemistry. 'The hook deals with the chemistry 
of aza- and pclyaza-anthracenes, -phenanthrenes and 
-benzonaphthenes ; the amount of work entailed 
becomes apparent when one recalls that the monazi- 
phenanthrenes alone form a group of five isomers. 
Furthermore, tables are provided enumerating all 
the known simple and substituted members of each 
class up to 1952. This vast accumulation of know- 
ledge has required the services of several chemists, 
and it concludes with an excellent chapter on “Tho 
Ultraviolet Absorption Spectra of Polycyclic Hetero- 
eyclic Aromatic Compounds” by Prof. G. M. Badger, 


of the University of Adelaide. This volume forms 


series, is 


an outstandingly valuable addition to the Weiss- 
F. G. Mann 


berger series. 
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Puzzle-Math to restrict re-radiation of long wave-length and thus 
By Dr. George Gamow and Dr. Marvin Stern. Pp. enable higher temperatures to be attained. The high 


Macmillan and Co., Ltd., 1958.) 


119. (London : 
8s. 6d. net. 


OOKS of the ‘mathematics for fun’ type are often 

neither very mathematical nor very funny, but 
those who know some of Dr. Gamow’s earlier writings 
will expect this volume, in spite of its catchpenny 
title, to combine amusement with instruction, and 
they will not be disappointed. The thirty-three 
problems are entertainingly set out, and solved by 
honest mathematical processes, involving little or 
no manipulative technique. There are some ‘chest- 
nuts —the three travellers with dirty faces, the fly 
between two approaching trains—but many of the 
problems are new or not widely known. Is a motorist 
likely to be held up longer at a level-crossing if the 
track is double than if it is single ? When we ring 
for a lift, why does it seem to come in the wrong 
divection more often than not ? A bright student 
might easily be led to a better appreciation of the 
fundamental logic of mathematics by reading this 
cheerful little book. T. A. A. BROADBENT 


Transactions of the International Conference on 
the Use of Solar Energy 

The Scientific Basis, held at Tucson, Arizona, U.S.A., 

October 31 and November 1, 1955. (Sponsored by 

University of Arizona, Tucson, Arizona ; Association 

for Applied Solar Energy, Phoenix, Arizona; Stan- 


ford Research Institute, Menlo Park, California.) 
Vol. 1: The Available Energy. Measurement of 
Radiation. Pp. xvi--135. Vol. 2: Thermal Pro- 
cesses, Part 1, Section A, Flat Plate Collectors. 


Pp. ix+145. Vol. 2: Thermal Processes, Part 1, 
Section B, High-Temperature Solar Furnaces. Solar 
Power. Pp. v +- 146-264. Vol. 3: Thermal Processes, 
Part 2, Solar House Heating. Solar Water Heating. 
Solar Distillation. Pp.x +168. Vol. 4: 
Photochemical Processes. Pp. xii+187. Vol. 5: 
Klectrical Processes. Pp. xii+- 132. (Tueson, Arizona : 
The University of Arizona Press, 1958.) 12.50 collars 
the set. 
YFRHESE Transactions, scientific 
papers totalling 887 pages, represent one of the 
most valuable publications on solar energy research. 
It is therefore all the more regrettable that although 
the conference at which these papers were presented 
was held late in 1955, publication has been delayed 
intil the end of 1958, and moreover that there is no 
record of the valuable discussions that took place at 
the conference. 

The conference discussed the scientific basis of solar 
energy research and was followed by the World 
Symposium on Applied Solar Energy at Phoenix, 
The papers at the latter conference, which 
dealt preferentially with applications, were published 
in 1956, and the proceedings were reviewed by the 
writer (Nature, 178, 229; 1956), who also described 
in some detail the general features of both con- 
ferences soon after the meetings (Nature, 177, 110; 
1956). 

The present review is therefore restricted to con- 
sideration of a few aspects which have since been 
emphasized as important by the trend of solar energy 
research in the interval that has elapsed since 
presentation. Interest in the flat-plate type of 
collector used for water-heating continues, but 
research is concentrated on the simplification of 
design and the use of metallic oxide surface coatings 


Solar Stoves. 


containing 85 


\rizona. 


cost of the silicon photo-cell, which was then newly 
developed, has as prophesied been reduced to econo- 
mic competition with electricity from dry cells and is 
coming into general use for portable radio and tele- 
phone equipment, not excluding such objects as 
space satellites. The solar furnace sponsored by the 
French Government and described by M. Trombe in 
Vol. 2 is the most active achievement at present, 
and similar furnaces have been sponsored by the 
governments of other countries for testing materials 
to resist the thermal shock encountered in high-speed 
rocket flight and space travel. 

The Transactions are essential to those embarking 
on solar energy research, or wishing to ascertain the 
state of knowledge up to very recently. Although there 
have been some remarkable developments since the 
conference, this set of volumes, which has been 
compiled by Prof. Carpenter of the University of 
Arizona Observatory, constitutes a record of perman- 
ent value. H. Heywoop 


The Fundamentals of Statistical Reasoning 

By M. H. Quenouille. (Griffin’s Statistical Mono- 
graphs and Courses, No. 3.) Pp. 169. (London : 
Charles Griffin and Co., Ltd., 1958.) 24s. 


GOOD short book on the basic principles and 
theory of statistical inference, expository of 
those parts of the subject on which statisticians are 
now generally agreed and objectively critical of some 
of the more controversial lines of thought, would be 
of great value. Such a book appears to have been 
Mr. Quenouille’s aim, but he has had _ indifferent 
success. Few subjects are in greater need of careful 
choice of every word, yet all too often the writing 
here is ambiguous or lacking in clarity. For example, 
the opening paragraph of a chapter on testing hypo- 
theses tends to obscure the important distinction 
between decision theory and scientific inference that 
Fisher and Barnard have so usefully emphasized in 
recent years. Later in the same chapter “‘restriction”’ 
of,errors of both the first and the second kind is said 
to be essential to a significance test of (surely ‘‘of 
deviations from’’ would be clearer) a null hypothesis. 
The first four chapters rapidly survey the concepts 
of probability, elementary distribution theory, 
estimation, and hypothesis testing. The second half 
of the book is of a different order of difficulty and 
of much greater interest. Here is an introduction to 
maximum likelihood and fiducial inference that 
could well form the basis of a more substantial text 
and could stimulate further research. Mr. Quen- 
ouille has a gift for devising the illuminating example. 
He has evidently devoted much thought to fiducial 
distributions, and one wishes that he would undertake 
the systematic and critical account of this topic 
that must supplement Fisher’s more intuitive 
approach if it is to attain its proper recognition. 
Unfortunately, the present book is again unsatisfying, 
not only because of limitations of space but also be- 
cause too often the reader cannot tell what is part of 
standard theory, what is a new contribution from the 
author (possibly deserving more explanation or more 
detailed reference to other publications), and what is a 
tentative suggestion for future exploration. However, 


although one may question the wisdom of including 
some of this material in an introductory book, 
undoubtedly the more advanced student will value 
it. D. J. FINNEY 
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The Nature of Experience 

By Sir Russell Brain, Bt. (The Riddell Memorial 
Lectures, Thirteenth Series, delivered at King’s 
College in the University of Durham, 12, 13 and 14 
May 1958.) Pp. viii+73. (London: Oxford Univer- 
sity Press, 1959.) 8s. 6d. net. 


CCORDING to the trust deed, the Riddell 

lecturer is required to discuss ‘“‘the relation 
between religion and contemporary development of 
thought”. It is interesting to look back over past 
titles, and to see how successive speakers have 
interpreted their task. In this context, how well these 
discourses—the thirteenth—fit into the series, and 
maintain their tradition. 

The theme is the field of perception, which the 
author explores with the object of attaining a view 
sufficiently comprehensive to restrain, if possible, the 
excessive specialization which is the outstanding 
characteristic of modern thought. The three lectures 
are entitled, (1) “Vision and Fantasy’’, (2) “The 
Nature of Perception’, (3) “Symbol and Image’’. 
Some useful notes and references follow at the 
end. 

Sir Russell is a leading neurologist, and one would 
expect to find a telling picture of mental processes ; 
in the event, this knowledge is linked with rare 
aesthetic insight. 

The first lecture reviews the conventional sense- 
impressions and their many contrasts with the 
structure of matter as the physicist knows it. The 
author believes that the qualities perceived are 
constructs of our own brains. Of particular interest 
is the account of abnormal states produced, for 
example, by mescaline. The second lecture contains 
a well-balanced review of the objections which have 
been raised against the writer’s theory. In the last 
lecture, perhaps the most difficult, art is taken ‘‘as 
the embodiment of feelings in perceptual form’’, and 
thus embraces that subjective element deep in human 
nature which raises it, at times, to an image of the 
Divine. F. I. G. Rawirs 


Kingdom of the Octopus 

The Life-History of the Cephalopoda. By Frank W. 
Lane. Pp. xx + 287+48 plates. (London: Jarrolds 
Publishers (London), Ltd., 1957.) 30s. net. 


R. LANE’S book provides a collection of superb 

photographs for which the amateur naturalist 
and professional zoologist must be equally grateful. 
The full bibliography, clearly representing an im- 
mense amount of hard work, will be of value to the 
teuthologist, making available a number of obscure 
references and enabling him to examine for himself 
the provenance of the many curious and often enter- 
taining legends and observations embodied in the 
text, and thus to make his own estimate of their 
scientific value. 

The text has the inevitable failings of one written 
by an author who has no (and does not claim to 
have) specialist knowledge of the subject, and for 
whom it is therefore hard to assess the relative impor- 
tance of the different facts and concepts which he 
has collected. Without such evaluation, however, 
verbally accurate statements can become misleading, 
and this fault is intensified, in Mr. Lane’s book, by a 
tendency to dramatic presentation which results in 
important aspects of the subject receiving less full 
treatment than relatively trivial but striking details. 
A similar weakness is to be found in the references 
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made to authors in the text. Mr. Lane is most 
careful to quote his sources; but, too often, equal 
weight is apparently given to the long-established 
findings of famous zoologists, to isolated observations 
searcely yet verified, and even to statements, not 
necessarily accurate, introduced casually in the 
writings of specialists on other fields. 

These failings will not diminish the interest which 
the rich anecdotal material and fine illustrations will 
rouse in the general reader ; but, as a result of them, 
the book is scarcely suitable for the use of the student 
who seeks accurate and balanced information, and 
is not a book to be used for professional teaching 
without constant checking. ANNA M. BIDDER 


Die gesunden und die erkrankten Zahngewebe des 
Menschen und der Wirbeltiere im Polarisations- 
mikroscop 

Theorie, Methodik, Ergebnisse der Optischen Struk- 

turanalyse der Zahnhartsubstanzen samt ihrer Umge- 

bung. Von Prof. W. J. Schmidt und Dr. A. Keil. 

Pp. 386. (Miinchen: Carl Hanser Verlag, 1958.) 

48 D.M. 


HIS book is undoubtedly a classic of its kind by 

authors who are world authorities in this particu- 
lar field. It deals in the greatest detail with the 
normal structure of the calcified tissues of the teeth 
of man and animals, and then proceeds to a considera 
tion of their structure in disease. The study of the 
calcified tissues of the teeth has always presented 
considerable difficulty. The two methods which have 
been used most are microradiography and _ polarized 
light. It seems a pity that no attempt has been 
made in this book to consider microradiography : 
but there is no doubt that the use of polarized light 
as here described and the interpretations given make 
it a very delicate method for this work. Much 
difficulty has been caused in the past by faults in 
interpretation arising from form birefringence and the 
possibility of birefringence arising from the organic 
matrices of some of these structures, but these are 
now all explained in detail, giving a proper scientific 
basis for further study. 

This is the only authoritative work on the subject. 
It is beautifully produced and very well illustrated. 
No department, dental or zoological, dealing with the 
structure of normal or diseased teeth can afford to be 
without it. A. I. DARLING 


Hundred Years of the University of Calcutta 
Supplement. Pp. xviii+732+95 illustrations. (Cal 
cutta: University of Calcutta, 1957.) n.p. 


HE Centenary History of the University of 

Calcutta was reviewed in these columns a little 
more than a year ago (Nature, 180, 1152; 1957). 
This massive supplement adds a large volume of 
material, including descriptive accounts of the 274 
colleges which are or have been affiliated with the 
University ; similar accounts of the development and 
present state of the institutes and departments of 
the University ; a select list of research publications ; 
a list of University and College teachers in 1956 ; 
and a record of the speeches and ceremonies with 
which the centenary was celebrated in January 
1957. There are nearly one hundred attractive 
photographs, chiefly of college buildings. This is 


the largest University in the Commonwealth- 
probably in the world—putting itself on record for 
posterity. 


R. 8S. ArrKEN 
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RADIATION MEASUREMENTS TO 658,300 KM. WITH PIONEER IV 


By Pror. JAMES A. VAN ALLEN and LOUIS A. FRANK 
State University of lowa, lowa City 


Introduction 
r} HE present report comprises : (a) the radiation 
| observations obtained with the U.S. deep-space 
probe Pioneer IV ; (b) a comparison of these observa- 
tions with those of Pioneer III and of the first Soviet 
cosmie rocket ; and (c) an interpretative discussion. 

The Pioneer IV programme was conducted under 
the same auspices as those for Pioneer 1II. The 
radiation detectors and the payload assembly were 
developed, calibrated and tested co-operatively by 
the Jet Propulsion Laboratory of the California 
Institute of Technology and by the State University 
of Iowa. The four-stage rocket vehicle and 
associated aspects of the enterprise were handled 
jointly by the U.S. Army Ballistic Missile Agency 
and the Jet Propulsion Laboratory, and the launching 
was conducted at the Atlantic Missile Range, Cape 
Canaveral, Florida. 

The radiation ‘package’ was very nearly identical 
to the one flown! on Pioneer III except for one 
essential change—the Anton type 213 Geiger tube 
was encased in an additional shield comprising a 
closed-end cylinder of lead of thickness 4-0 gm./em.? 
and an inner cylinder of stainless steel of thickness 
1-6 gm./em.? (Fig. 1). On the basis of extensive 
laboratory calibrations at the State University of 
lowa, the respective Anton 302 Geiger tubes in 
Pioneers III and IV had identical characteristics 
(that is, effective dimensions, shielding, ete.) to 
within 10 per cent (see ref. 1 for further detail). 

The purposes of the radiation experiments in 
Pioneer IV were as follows: (a) a re-survey of the 
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Fig. 1. Physical arrangement of radiation detectors in conical 


payload of Pioneer IV. Base diameter 23 cm. Total payload 
weight 6-1 kgm. The arrangement of Pioneer III was identical 
except for omission of the shield over the 213 tube 
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Fig. 2. Plots of the projection of the trajectories of Pioneer III 
and Pioneer IV on a geomagnetic meridian plane (centred dipole 
model), Unit of distance, pz 6,371 km. 


intensity-structure of the zones of trapped radiation 
around the Earth, with special interest in temporal 
changes since December 6 and 7, 1958; (6) a crude 
determination of the absorptivity of the trapped 
radiation as a function of position in order to increase 
knowledge of its composition and spectral character ; 
(c) a re-determination of the effective extent of the 
geomagnetic field; (d) a search for magnetically 
trapped radiation in the vicinity of the Moon; 
(e) a re-determination of the cosmic-ray intensity in 
interplanetary space ; (f) a search in interplanetary 
space for ‘blobs’ of plasma containing particles 
sufficiently energetic to be detected by the present 
equipment. 


Flight of Pioneer IV 
Launch from Cape Canaveral, Florida (28-7° N. 
80-7° W.) at 05.11 u.r. on March 3, 1959. 
Burn-out velocity (‘space-fixed’) : 11-08 km./see. 
Tho positional co-ordinates as a function of time 
were measured by the Jet Propulsion Laboratory 
tracking array to an uncertainty of some + 5 km. 
throughout the region of the trapped radiation and 
to a slowly increasing uncertainty thereafter. Table 1 
lists representative values of the co-ordinates, and 
Fig. 2 gives a plot of the trajectories of Pioneers ITI 
and IV in the vicinity of the Earth. 


Telemetry 


The array of Jet Propulsion Laboratory telemetry 


stations comprised receivers at Cape Canaveral, 
Florida (5-ft. dish); near Mayaguez, Puerto Rico 
(10-ft. dish); and at Goldstone Lake, California 


(85-ft. dish), as before. In addition, there was the 
valuable Jodrell Bank 250-ft. dish, through the 
courtesy of Prof. A. C. B. Lovell. The following is a 
summary of flight periods during which usable 
radiation observations were obtained. 
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(d) Jodrell Bank 
March 3: 06.31-12.24 U.T. 
March 4: 07.52-08.08 


(a) Cape Canaveral 
March 3: 05.11-05.23 U.T. 
(5) Puerto Rico 
March 3: 05.14-05.52 U.T. 
07.23-15.32 
(c) Goldstone Lake 






.42-12.52 
March 5: 05.41-12.58 
March 6: 05.42-12.59 





March 3: 11.58-2 

March 4: 12.34-21.15 
March 5: 12.40-21.12 
March 6: 12.53-15.00 


From the point of view of the radiation experi- 
ment, the only serious loss of data occurred in the 
period 05.52—06.31 u.T. on March 3. 

Beginning at about 14.20 u.r. on March 6, the 
strength of the radio signal fell rapidly and no usable 
data were received after 15.00 u.t. In view of the 
rapidity of the decline (in spite of a trivial rate of 
change of distance) and of its occurrence at about 
the end of the expected life-time of the batteries, it 
is presumed that loss of signal at about x + 82 hr. 
was due to exhaustion of the mercury batteries in 
the power supply of the payload. The radial distance 
from the centre of the Earth was 658,300 km. at 
15.00 vU.T. 


Radiation Observations 
Due apparently to a high-g shock which was 
recorded during the launching phase, the high scaling 
factor (217) element of the 302’s scaling circuit did 
not function in flight. This failure gives some cause 




















Table 1. REPRESENTATIVE VALUES OF POSITIONAL CO-ORDINATES OF 
Pioneer IV 
(By courtesy of Jet Propulsion Laboratory) 
Geo- Radial Radial 
Date | Geo- graphical distance distance 
and hour graphical longitude from centre | from centre 
(U.T.) latitude (E. of Earth of Moon 
| March 3 | | (km. ) (km.) 
05.16 | 28-03 | 289 -38° 6,679 376,902 
24-49 | 310-24 7,484 374,585 
18-51 | 327-98 8,894 371,731 
13°16 | 339-29 | 10,518 ¢ 
8-90 346-79 12,221 
5-55 | 352-00 13,940 
| 2:88 | 355-74 15,646 361,998 
| 0-72 | 358-48 17,326 927 
-1:07 | 0°52 18,977 
257 | 2-04 20,596 
| 06.10 | 4°95 | 3°98 23,739 352,556 
06.20 | 6-77 | 4:92 | 26,767 349,272 
| 06.30 | 8-20 5:18 | 29,691 346,184 
06.40 —9°37 4°97 32,522 343,255 
| 06.50 -10-34 4-41 35,27 340,460 
| | 
| 07.00 11-16 3°58 37,947 337,779 
07.30 —13-03 359-98 | 45,604 330,280 
08.00 —14-34 355-31 52,812 323,400 
j 038.30 —15°31 | 349-99 59,667 316,982 
09.00 —16-07 | $44°25 66,236 310,917 
10.00 —17-20 331-92 78,696 299,593 
| 11.00 18-00 318-88 90,452 289,070 
12.00 —18-61 305-41 101,662 279,139 
18.00 | —20-53 220-44 161,788 226,753 
March 4 
00.00 —21°39 132-74 214,953 180,855 
| 06.00 —21-89 | 44-07 264,261 138,707 
| 12.00 | —22-23 314-91 311,064 100,511 
18.00 22-46 225-44 356,113 70,343 
23.00 — 22-59 150-71 392,608 60,149* 
March 5 
00.00 135-7 399,796 60,624 
06.00 45°89 | 442,117 79,376 
12.00 315-95 3 113,528 
18.00 225 -97 153,434 
March 6 
00.00 135-95 | $62,660 195,942 
| 06.00 | 45-90 601,348 239,979 
12.00 315°83 639,476 285,112 
13.00 225-75 677,116 331,132 








* Nearest approach to the Moon (approx.). 
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for uneasiness concerning the proper operability of 
all other elements of the payload. But we have been 
quite unable to find any evidence for any other mal- 
function and believe that the results reported below 
are trustworthy. 

In Fig. 3 is plotted the true counting rate, R, of 
the 302 Geiger tube as a function of time. Errors 
are insignificantly small except where error bars are 
drawn. The constant counting rate beyond 11.10 v.7. 
continues without significant variation to the outer- 
most limit of observations. Also shown is the equi- 
valent counting rate of the heavily shielded 213 
Geiger tube. Normalization of the counting rates of 
the two tubes was done in pre-flight laboratory tests 
by subjecting them (both unshielded) to identical 
exposure in a beam of hard X-rays. The quasi-d.c. 
output of the 213 tube was measured by the audio- 
frequency of the subcarrier oscillator to which its 
amplifier was connected. A substantial temperature 
correction was necessary and was made by comparison 
with another, similarly located oscillator the input of 
which was digital and the temperature coefficient of 
which was similar. The temperature of the inner 
portion of the payload rose from a launching value 
of 15° C. to an asymptotic value of 41-5 + 1-0° C. 
with a time constant of about 3 hr. The 302 system 
had zero temperature dependence over this range. 
In the lower left-hand corner of Fig. 3 is plotted as a 
dashed line the ratio of the equivalent counting rate 
of the (shielded) 213 tube to that of the 302; this 
ratio is the apparent transmission, 7’, of the shield. 
The absolute value of 7’ is uncertain by some 
+ 25 per cent of its value due to a combination of 
systematic errors. 

In the time-period 06.31-06.53 u.T. the true 
counting rate of the 302 may lie either on branch A 
or on branch B. Such an ambiguity is intrinsic to 
the characteristic curve of apparent rate versus true 
rate of the system (cf. ref. 1) and can be resolved 
only by auxiliary data. The corresponding trans- 
mission curves are labelled A and B, respectively. 
Further discussion is deferred to the next section. 

In Fig. 4 the observations with the nearly identical 
302 tubes of Pioneer III and Pioneer IV are shown 
as a function of radial distance from the centre of 
the Earth, ignoring differences of longitude and 
latitude. : 


Discussion and Interpretation 

The most striking features of Fig. 4 are the im- 
mensely greater quantity of trapped radiation in the 
outer zone on March 3, 1959, than on December 6, 
1958, and the detailed structure present, especially 
in the 60,000-90,000 km. region. It may also be 
noted that the observations by Vernov et al.* with 
the Soviet cosmic rocket show that the situation on 
January 2, 1959, was similar to that on December 
6 and 7, 1958. It is very suggestive that there was 
a substantial magnetic storm commencing at 02.15 
uU.T. on February 25 and that there were aurore of 
strong intensity on February 25-28 and on March 1 °. 
A special study of this event by Trotter’, of the High 
Altitude Observatory, makes it appear likely that at 
least three sequences of geophysical events starting 
on February 25, March 26 and April 23, respectively, 
were due to a solar M region. In any event, it is 
noteworthy that the flight of Pioneer IV was preceded 
by five consecutive nights of strong auroral activity, 
whereas the periods preceding the flights of Pioneer 
III and of the Soviet cosmic rocket were especially 
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Radial distance from centre of Earth trons of such energies. But 
10,000 30,000 50,000 70,000 90,000 110,000 130,000 km. transmission curve A is alto- 
1,000,000 Tio hy f—ar T TT ry T | te gether consistent with this radia- 
j tion situation. 
100,000 ff fp ff Adopting branch A and mak- 
PIONEER IZ 4 ing use of our absolute X-ray 
10.000 |_S3MARCHISS9 ] calibrations of the 302 tube, we 
‘ j find that the omnidirectional 
| ; flux of electrons of energy greater 
= 1,000 T -_ than about 20 keV. was of the 
j order of 1 10%/em.2 sec. at 
100 i | 30,000 km. radial distance on 
| 7 March 3, 1959. 
2 10 7 Also it is evident that the 
i 3 omnidirectional flux of electrons 
E of energy greater than 200 keV. 
: } Mi a = did not exceed 1 x 108/cm.? sec. ; 
: | of electrons of energy greater 
Tes eee Coes on 1 than 2-5 MeV. did not exceed 
ee os | 7 1 x 10%/em.? sec. ; and of protons 
001 L | | en ee | | i of energy greater than 60 MeV. 
05.00 06.00 07.00 08.00 09.00 10.00 11.00 12.00 13.00 14.00 15.00 Aid not exceed 1 x 10%/em.? sec. 
U.T The observations of Pioneer 


Fig. 3. The counting rate observations during the early part of the flight of Pioneer IV 


(see text for further description of data) 


quiet geophysical periods. Hence we suggest that 
he great temporal differences shown in Fig. 4 con- 
titute the direct observation of the changes which 
occur in the outer radiation zone of trapped radiation 
following strong corpuscular emission from the Sun. 
If this view be accepted then it appears that the 
Pioneer IV observations provide the most persuasive, 
direct evidence thus far available for the solar origin 
of (at least) the outer radiation zone. 

The inner peak of the Pioneer IV data (at 11,000 
km.) is about three times as intense as that of 
Pioneer III ; but reference to Fig. 2 and to a large- 
scale, corrected® plot as in Fig. 5 of ref. 1 shows that 
the inner zone was not significantly different on the 
ceasions of the two flights. From this fact it may 
be concluded that the inner zone, lying as it does in 


IV in the inner zone are unam- 
biguous and show that about 
30 per cent of the radiation 
recorded by the 302 in the lower fringe of the zone also 
penetrates an additional 4-0 gm./cm.* of lead and 
0-6 gm./cm.? of steel. The radiation becomes rapidly 
and progressively softer as one goes outwards from 
the Earth (Fig. 3). On the basis of two recent rocket 
investigations into the lower fringe of the inner 
zone®,”? and of our extensive Explorer IV and Pioneer 
III observations'.*, we propose the following ten- 
tative composition of the trapped radiation present 
in the heart of the inner zone (altitude about 3,600 
km. on the geomagnetic equator): (a) electrons of 
energy greater than 20 keV.—maximum unidirec- 
tional intensity ~ 2 10°/em.? steradian; (5) 
electrons of energy greater than 600 keV.—maximum 
unidirectional intensity ~ ] 107/em.? stera- 
dian ; (c) protons of energy greater than 40 MeV.— 


sec. 


sec. 


the region of strong geomagnetic field, is relatively omnidirectional intensity ~ 2 x 10*/em.? see. The 
well isolated from direct solar 
Ps ai ca tga nese 





nfluence. 
The A-B ambiguity referred 
to in the preceding section in 
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A comparative plot of the intensity data of Pioneer IJ and Pioneer IV on the 


same scale of radial distance but ignoring differences of latitude and longitude 
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latter two of these three figures are probably trust- 
worthy to a factor of 2, the first one to a factor of 5. 
These results favour the neutron albedo hypothesis 
of origin of the inner zone of Vernov and others (cf. 
discussion of ref. 8), in respect to both the electron 
and proton components. A valuable discussion of 
the proton component has been given recently by 
Hess*. Some residual doubt may be felt as to the 
adequacy of the source function. It should also be 
noted that there is a rapidly developing body of 
knowledge on the sporadic, though relatively frequent 
(order of once a month) arrival of solar protons 
having energies up to several hundreds of MeV. and 
intensities up to several orders of magnitude greater 
than that in the quiet cosmic ray beam?}%, 

The conclusive identification of protons in the 
lower fringe of the inner zone’ and the resemblance 
of their spectrum there to that expected on the 
neutron albedo hypothesis* has been accepted by 
many workers as conclusive evidence for the adequacy 
of this hypothesis. The quantitative considerations 
of Hess have also added strongly to this point of 
view. But it should be remarked that others, in- 
cluding Morrison, Gold and the present authors’, have 
some uneasiness in accepting a trapping-lifetime of 
several years, as is necessary for the success of the 
neutron albedo hypothesis. Thus, it is comforting to 
find that there is now an alternative source of protons 
(that is, direct solar emission) of suitable energy and 
intensity, provided a valid mechanism can be dis- 
covered for their admission into the inner zone. The 
reader is also cautioned to await observations during 
the oncoming period of minimum solar activity for 
illuminating evidence on temporal changes in both 
inner and outer radiation zones. Such a programme 
of observation is being undertaken by this laboratory. 


Radiation Intensity Beyond 92,000 km. 


Pioneer IV provided a total of 45 hr. of observation 
of the counting rate of the 302 Geiger tube in the 
range of 92,000—658,300 km. from the centre of the 
Earth. (The counting-rate-meter circuit of the 213 
was not sufficiently sensitive to provide a reading at 
any time during this portion of the flight.) The mean 
counting rate was calculated over each interval of 
time during which 256 (28) counts were recorded. 
The distribution of counting rates in the 695 such 
intervals (each of about 4 min. duration) has been 
studied in detail and it has been found that during 
no one of these intervals did the counting rate differ 
with statistical significance from the overall mean 
value of 1-090 + 0-003 counts per sec. 

A broader scale survey of the mean counting rate 
during larger segments of the trajectory was obtained 
by tabulating the times at which ‘flips’ of the major 


sealer (215 = 8,192 counts per major ‘flip cycle’) 
occurred. The constancy of the counting rate during 


observed periods encouraged us to also ‘count 
through’ the unobserved periods of time, during 
which the payload was below the effective horizons 
of the receiving stations. During the longest such 
period six major flips were missed, and during the 
other two such periods four major flips were missed 
if it be assumed that the counting rate did not differ 
markedly when under observation and when not 
under observation. The results of this process are 
shown in Table 2. The trustworthiness of the tabu- 
lated counting rates during unobserved periods rests 
on a posteriori evidence as follows: On the assump- 
tion that the unobserved counting rates did not differ 
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Table 2. SUMMARY OF DATA FROM 302 TUBE BEYOND 92,000 KM. BY 


FLIPS OF MAJOR SCALER 
(8,192 counts per flip cycle) 








Radial | Radial 

| Serial, Time of flip Mean distance | distance 

| No. and station, counting rate to to 
of day, hr., min., At (see,)~? centre centre 
flip sec. sec. of Earth) of Moon 


(km.) (km.) 


0 3/12.18.19. JB | 


1 | 3/14:23-13 PR| 7,491 | 1-094+0-012 | 


0 | 3/12.18.22 GL | 104,920 | 276,240 
3/14.23.10 GL | 7,488 | 1-094 40-012 | 126,740 | 257,130 
3/16.29.18 GL | 7.568 | 1-082 +0-012 | 147,440 | 239,080 

| 3/18.34.18 GL | 7,500 1-092 30-012 | 167,020 | 222,150 
1-093 +-0-012 | 185,880 | 205,940 


Not observed 
Not observed 


Not observed 


1 

2 

3 

4 3/20.39.15 GL | 7,497 

a) | 
6 

‘ ns Re e * 5 | 
8 52,620 1-090 0-005 


Not observed | | 





| Not observed 
10 Not observed 
11 4/11.16.15 JB ! 305, 450 | 104, 890 
12 | 4/13. 20.55 GL 1 -O0$ ‘012 | 92,750 
is | | 1- 012 81,630 
14 /17.5 8G | 1-082 +0-012 | | 73,140 
15 4/19. 38. 40 GL 1-089 +0-012 366, 420 | 65,620 
16 Not observed 
17 | Not observed | 37,386 1-096 +0-005 
18 | Not observed 
19 | Not observed 


20 | 5/06.01.46 JB | 440,610 | 79,340 








21 5/08.06.13 JB | 7,467 | 1- 454,910 88,910 
22 | 5/10. 12.23 JB | 7,570 | 1-0824 2 | 470,990 102,420 
23 3.32 . 7,449 | 1-100+0-012 | 485,110 | 115,320 
24 7,561 1-083 +0-012 499, 230 | 128,950 
25 7,448 | 1:100+40-012 040 | 142,810 
26 | { oe GL 7,414 1-105 +-0-012 | 525,090 | 155,280 
27 «| 5/20.35.15 GL | 7,460 1-098 +0-012 540,350 | 171,510 
28 | Not observed 

29 | Not observed | 37,620 | 1-089 +.0-005 

30 | Not observed | j 

31 | Not observed | 


607,950 | 247,650 
-080 +0-012 619. 840 | 261,660 
-090 +.0-012 | 634.630 | 2797290 
‘074 0-012 | 647,990 295,390 


| 32 | 6/07.02.15 JB | 
| 33 | 6/09.08.41 JB 

| 34 | 6/11.13.48 JB F 
6/13.20.57 GL | 7.629 


- 





o 


oven mean for 35 Seaecvede. 1-090 + 0-002 waddle, 
Overall mean for 17 obse rved inte rvals, 1-090 + 0-003 counts/sec. 
PR, Puerto Rico; GL, Goldstone Lake ; JB, Jodrell Bank. 





markedly from the observed ones, it is found in 
Table 2 that the unobserved counting rates differed 
by less than 1 per cent (that is, to within statistical 
une ertainty) from the adjacent, observed ones. The 
precision of this agreement in all three of the cases 
under consideration gives one a strong feeling of 
assurance that the counting rate of the 302 did not 
differ significantly at any time in the interval 92,000 
to 658,000 km. (March 3, 11.10 v.T., to March 6. 
15.00 u.T.) from its mean observed value of 1-090 
0-003 counts per sec. Several valuable conclusions 
follow from this analysis and are described in sub- 
sequent sections. 


Paucity of Energetic Plasma in Interplanetary Space 
during March 3-6, 1959 


On the basis of Table 2 and the foregoing dis- 
cussion, it appears that, to high accuracy, the 
apparatus did not encounter any solar plasma con- 
taining particles sufficiently energetic to register 
efficiently on the 302 tube during some 76 hr. of 
interplanetary flight. 

Since the burden of evidence for the origin of the 
outer radiation zone of the Earth requires that plasma 
fly outwards from the Sun sporadically, it must be 
concluded that there happened to be a_ notable 
absence of such plasma during this period. This 
finding is especially striking in view of the strong 
geophysical activity during the preceding week. An 
alternative view is that the acceleration of the com- 
ponents of the plasma to sufficiently high energies 
to be registered efficiently by our equipment occurs 
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only in the geomagnetic field. The 302 tube in the 
present arrangement had an efficiency of about unity 
for protons of energy greater than 30 MeV.; an 
efficiency of the order of unity for electrons of several 
MeV. energy ; and an efficiency of the order of 10-4 
to 10-* for electrons in the hundreds to tens of keV. 
energy-range (by way of their bremsstrahlung). 
Hence, during the 76 hr. in question the time- 
integrated flux of the higher-energy electrons and 
protons could not have exceeded 100/em.? in an 
isolated burst during any one of the 695 observed 
4-min. intervals ; could not have exceeded 1,000/em.? 
in an isolated burst during any one of the three un- 
observed periods which had a duration of some 10 hr. 
each ; and could not have exceeded 2 « 10°/em.? if dis- 
tributed (with quite unbelievable uniformity) over the 
76-hr. period. The corresponding figures for 60 keV. 
electrons, for example, are 4 10° times as great. 


Lack of Influence of the Moon 

Pioneer IV’s closest approach to the centre of the 
Moon was 60,149 km. at about 23.00 u.T. on March 4 
(Table 1). The telemetered signal was not being 
received at that time (see section on ‘“Telemetry”’ 
and Table 1). But observations were obtained as 
close as 61,700 km.; and Table 2 and the accom- 
panying discussion make it exceedingly unlikely that 
any significant change of counting rate occurred at 
any place in the vicinity of the Moon. The quanti- 
tative discussion of the preceding section is applicable 
here also. The geometrical shadow of the Moon on 
the apparatus was, of course, negligible. Hence, this 
result suggests as an upper limit to the Moon’s 
magnetic moment a value comparable to that of the 
Earth. 
little interest in the light of other, probably more de- 
finitive, knowledge which favours a much smaller value. 

The Soviet cosmic rocket passed much closer to 
the Moon than did Pioneer IV, but unhappily the 
radiation intensity was unreadable at that range. 

None the less, the determination of the Moon’s 
magnetic moment by investigating its trapped cor- 
puscular radiation on near approaches remains a 
technique of potential value. It will doubtless be 
wise to use a detector of the lowest feasible energy 
threshold and of the highest feasible sensitivity. 


Re-determination of Interplanetary Cosmic-ray 
Intensity 

On the basis of Table 2 and of our best present 
values of absolute geometric factor and efficiency of 
the 302 Geiger tube, we find for the interplanetary 
value of the omnidirectional cosmic-ray intensity : 
J, = 1-8 + 0-3/em.? sec. during the period March 
3-6, 1959. 

It may be noted that this value is one-half of that 
ineasured! on December 6 and 7, 1958, with Pioneer 
[II. On the basis of a recent re-study of Pioneer ITT 
data, Snyder! presents evidence that Pioneer III 
did not reach a sufficiently great distance to be 
entirely free of the influence of the geomagnetic field. 

The Pioneer IV observations to very much greater 
distances (out to 103 Earth radii) are not subject to 
this uncertainty. Hence, we have considerably 
ereater confidence in the new value quoted above, 
though it should be understood that the counter will 
record protons of energy as low as 30 MeV. and 
electrons of energy as low as 2-2 MeV. In any event, 
the measurement provides a solid upper limit to the 
total primary cosmic-ray intensity in the general 


This high an upper limit is, of course, of 
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astronomical vicinity of the Earth during early 
March 1959. 

Using balloon-borne equipment of discriminating 
character, McDonald!® finds primary unidirectional 
cosmic-ray intensities (corrected to zero atmospheric 
depth) at geomagnetic latitude 55° on July 2, 1958, 
as follows : 

(a) Protons of energy greater than 280 MeV.: 0-0950 + 0-0070/ 

cm.? sec. steradian. 

(b) a-Particles of energy greater than 158 MeV./nucleon: 

0-0149 + 0-0012. 

(c) Sum of (a) and (6): 0:1099. 

An interesting comparison results from multiplying 
McDonald’s sum of 0-11/em.? sec. steradian by 4 to 
obtain an estimate of the omnidirectional intensity of 
primary cosmic rays remote from the Earth. The result 
is J, = 1-38/em.? sec. In so far as McDonald has 
been able to eliminate fast, downward-moving albedo, 
his implied J, has the nature of a lower limit. 

Vernov and Chudakov? report a value of 2-3 +. 
0-1/em.? sec. on January 2, 1959. 


Effective Extent of the Geomagnetic Field 


Our original interpretation of the Pioneer III 
observations! included the conclusion that the geo- 
magnetic field loses its ability to trap charged particles 
at about 10 Earth radii. Snyder’s discussion makes 
it appear that this was too small a value. The 
Pioneer IV observations (Fig. 4) indicate that geo- 
magnetic trapping is significantly present out to as 
far as 14 Earth radii, at least on a specific occasion. 
The loss of geomagnetic trapping efficiency is, of 
course, a loosely defined concept and there are 
doubtless marked fluctuations in the radiation 
regions at the outer fringes of the Earth’s field. 


Terrestrial Ring CurrentJof Dolginov and Pushkov 


Measurement of the scalar magnetic field intensity 
with the magnetometer in the Soviet cosmic rocket 
on January 2, 1959, provided results of very great 
interest!* in the present connexion. The observed 
sealar field intensity fell gradually and progressively 
farther below the curve representing the extra- 
polation of the surface field (using an eight-coefficient 
harmonic expansion and assuming a curl-free field 
outside the solid Earth) in the radial distance 
range 14,000—21,000 km. At 21,000 km., the experi- 
mental curve was some 700 gammas below the 
‘theoretical curve’ (about 1,200 gammas). At greater 
radial distances the experimental curve rose toward 
the theoretical one and approximated to it beyond 
26,000 km. These results imply a westward-flowing 
ring current having the maximum value of the 
apparent current density at about 21,000 km. radial 
distance from the centre of the Earth. By com- 
parison with Fig. 4 of the present article, it is seen 
that the most intense portion of the ring current lies 
in the inner side of our outer peak of radiation 
intensity and indeed in just the region in which the 
gradient of the volume density of charged-particle 
kinetic energy has its greatest value. The under- 
standing of the detailed relationship between the 
Dolginov—Pushkov ring current and the trapped 
radiation now becomes one of the most challenging 
and timely problems of geophysics!’. ; 

It may be speculated that the modification of the 
geomagnetic field by the ring current at about 3 Earth 
radii influences the structure of the radiation zones 
and perhaps contributes to the existence of the ‘slot’ 
between the two zones. 
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PILTDOWN 


SKULL AND JAW 


By Pror. H. DE VRIES 


Natuurkundig Laboratorium, Rijks-Universiteit, 
Groningen 


Introduction 
(K. P. Oakley) 

N 1950 it was shown! by the fluorine method of 

relative dating that the Piltdown mandible and 
cranial bones were considerably younger geologically 
than the Lower and Middle Pleistocene fossils said 
to have been found at the same site. Assuming that 
they were genuine finds, the hominoid remains were 
not older than Upper Pleistocene, but it was noted 
that drill-holes into the teeth revealed that they were 
“apparently no more altered than the dentine of 
recent teeth from the soil’’*. In 1953, Dr. J. S. 
Weiner, reviewing this evidence in the light of 
anatomical considerations, suggested that the 
mandible was that of a recent ape which had been 
broken and stained to resemble a fossil, and the 
teeth artificially abraded to suggest wear through 
the human type of mastication. According to his 
hypothesis, the fraudulent jaw-bone had been placed 
in the Piltdown gravel pit so as to appear associated 
with fragments of a thick human cranium of presumed 
antiquity. 

Determination of the organic content and re-determ- 
ination of the fluorine content of these specimens, 
together with evidence obtained from a detailed 
anatomical analysis of the teeth, confirmed this 
hvpothesis® (Table 1). The mandible had the com- 
position of modern bone, whereas the cranial frag- 
ments were very slightly ‘fossilized’. 

In 1953-55, the possibility of dating the Piltdown 
bones absolutely by the radiocarbon method was not 


Table 1 





_— : —_ 
| Fluorine | 


Fluorine le Nitrogen! Carbon 
| (per cent) | ( 


(per = per cent)| (per cent) 








| | (1950) | (195 

| Piltdown mandible | 0-2 + 0-2 | < 0 -03 | 39 14-5 

| Piltdown cranium | 0-2 + 0°1 | 0-10 + 0-01 14 «| 5-3 
4-0 


Fresh bone 10°03 + 0-01 4-0 1 
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Dr. K. P. OAKLEY, F.B.A. 


British Museum (Natural History) 


seriously considered because it would have involved 
total destruction of the specimens to provide the 
minimum quantity of carbon (2 gm.) then demanded 
by radiocarbon laboratories for a single determina- 
tion. During the past four years, improvement © 
technique has made it possible to attempt radio- 
carbon dating on the basis of much smaller quantities. 
With the agreement of Dr. E. 
paleontology, powder samples of the Piltdown 
mandible and right parietal bone were submitted to 


“Composition of Radiation 
Trapped in the Geomagnetic Field at Altitudes up to 1,000 kilo- 


Phys. Rev., Letters, 3, 9 (1959). 
J. Geophus. 


id 


International Conference of Cosmic 
Ray Commission of I.U.P.A.P., July 6-11, 1959, Moscow. Sce 


I. White, keeper of 


Prof. H. de Vries after repeated washing in acetone 


and then in warm water (at 70° C.) which was carried 


out under rigorous conditions in the Department of 


the Government Chemist. 


The nitrogen content of 


powder samples of these bones proved to be the same 


before and after submission to this extraction treat- 
ment, proving their freedom from _ nitrogenous 
contaminants (for example, glue, gelatine, celluloid). 
Their nitrogen content represents the bone protei: 
(collagen), which is not removable by acetone or 
warm water. This is the material which provided 
the carbon the radioactivity of which has now been 
measured. 


The Radiocarbon Results 
(H. de Vries) 


The sample of Piltdown mandible was_ burnt 
without any further pretreatment. The sample of 
the Piltdown skull (right parietal) was given a treat- 
ment which will be described in more detail elsewhere. 
It was dissolved in hydrochloric acid: the fraction 
which was not precipitated by alkali was dated. 
Both samples gave a very small amount of carbon 
dioxide, corresponding to about 0-1 gm. of carbon. 
Therefore, the precision is not what it could have 
been, but certainly good enough for the present 
purpose. Though controversial dates on bone have 
been published, our recent experience indicates that 
the conclusions drawn from the present results are 
trustworthy (Table 2). 
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Table 2 


No. 4682 


100 years* | 
620 + 100 years* | 








Piltdown mandible (GRO 2204) 500 
Piltdown skull (GRO 2203) 





|\xpressed in terms of statistical probability, there is 1 chance in 
8 that the ages of these specimens lie outside the stated limits, but 


only 1 chance in 20 that they lie outside the ranges 500 + 200 and 
620 + 200 years, respectively. 

* Allowance has been made for the Suess effect (that is, the age 
was calibrated against nineteenth-century wood). 


Comments on the Results 
(K. P. Oakley) 


The results are satisfactory. In the first place 
they confirm that the Piltdown jaw is geologically 
quite recent. (Even since the exposure of the hoax 
in 1953 and 1955, statements have appeared in print 
maintaining that it is a Pleistocene fossil, considerably 
more ancient than the cranial bones.) The indication 
that this mandible is a few centuries old raises the 
question of its origin. When Sir Wilfrid Le Gros 
Clark established that it was the jaw-bone of a 
modern orang-utan (and therefcre came from Borneo 
or Sumatra), it was assumed to be a zoological 
collector’s piece. Is it not very unlikely that an 
orang-utan jaw-bone falling into the hands of a 
collector would prove to be several centuries old ? 
In fact, this is not so improbable as might be sup- 
posed. One possibility is that the specimen was 
obtained from a dealer in ethnographical material. 
Prof. G. H. R. von Koenigswald has pointed out 
that the Dyaks of Borneo have been known to keep 
orang-utan skulls as fetishes or trophies‘ in their 
long-houses for many generations. Mr. Tom Harris- 
son, curator of the Sarawak Museum, recently sent 
to the British Museum (Natural History) a photo- 
graph of an orang-utan skull, with mandible, which is 
said to have been preserved for twenty generations— 
about 400 years (Fig. 1). However, the chances of 
an ethnographical dealer obtaining such a highly 
treasured object directly from living Dyaks are 
regarded by Mr. Harrisson as negligible. On the 
other hand, he has pointed out that a number of 
sub-recent bones of orang-utan, obtained in Sarawak 
in varions circumstances, were brought back to 
Britain in 1875 by A. H. Everett 
and briefly described’. Some were 
obtained from eaves the contents of 
which were washed by Chinese gold 
workers. At least one of the 
specimens (No. 55) appears to have 
been a trophy skull. Part of 
Everett’s collection (including the 
last specimen) was presented to the 
British Museum (Natural History). 
All the orang-utan skulls and jaws 
listed as received by the Museum in 
1879 can be accounted for; but 
Mr. Harrisson believes that Everett 
brought much more material to 
Britain, and what became of it is 
unknown. Did it pass into the 
hands of dealers ? 

Comparison between one of the 
‘sub-recent’ orang-utan jaw-bones 
in the Everett Collection (No. 100 
in Everett’s list, recorded as 
‘doubtfully from a cave” in Sara- 
wak ; registered as Z.D.84.10.30.2) 
and the Piltdown jaw-bone has 
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gen content of the ‘antique’ Bornean specimen 
likewise undiminished (4:6 per cent, determined by 
Mr. G. Ross in the Central Laboratory, Department of 
Zoology, British Museum (Natural History) ; he has 
reported 4:0-5:3 per cent nitrogen in other recent 
Hominoid bones) but also the surface of the bone is in 
the same finely cracked condition, which was difficult 
to account for if the Piltdown specimen came from a 
modern zoological collection. Attempts to reproduce 
the appearance of the Piltdown jaw by artificial treat- 
ment of modern bones failed in just this respect. 
The condition of the collagen fibres, revealed by the 
electron-microscope, indicated that it had not been 
boiled. 

The radiocarbon dating of the cranial bones has 
confirmed that they also are Post-Pleistocene in age 
as indicated in the report of 1955 (p. 257). In 1953, 
it was thought that they might have been genuine 
finds which had served as the nucleus of the hoax ; 
but as soon as it was proved (as reported by Dr. G. F. 
Claringbull and Dr. M. H. Hey in 1955) that all the 
cranial fragments had been artificially stained to 
match the gravel, it became clear that they were 
fraudulent introductions at the site, so the possibility 
of their being of Pleistocene age could be entirely 
discounted. The phosphatic matter of these cranial 
bones has been partially altered to gypsum. This 
is only explicable if they had been artificially stained 
by an acid iron sulphate solution. Experiments 
showed that this alteration only occurs if the bone 
has the porosity due to partial loss of organic matrix. 
Thus the Piltdown cranial bones are evidently of 
moderate antiquity. Presumably they were frag- 
ments of a skull selected on account of its unusual 
thickness from among a series obtained in the excava- 
tion of some ancient burial ground. ‘The fluorine 
content of the unaltered portion of their bone sub- 
stance also indicates that they are of some slight 
antiquity ; but unless one knows the source of a bone, 
precise relative dating by fluorine content is impos- 
sible. However, in many British and foreign 
cemeteries bones less than a thousand years old can 
be found with the same fluorine content (0-1 per 
cent). 





(Photo : Tom Harrisson, Sarawak Museum) 





brought out a number of points of 
resemblance. Not only is the nitro- 


Orang-utan skull with mandible kept as a fetish in a Dyak long-house seventy miles 
from Kuching and said to be twenty generations (about 400 years) old 


Fig. 1. 
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Although the difference in the radiocarbon ages 
of the cranial bones and mandible is less than might 
have been expected in view of their contrasting states 
of preservation, it should be borne in mind that 
whereas a bone that has been buried in the ground 
for a few centuries may have become porous and 
‘sub-fossil’ (with some absorbed fluorine), a bone of 
equal antiquity that has been preserved in air, for 
example on the floor of a dry cave, in a building or 
in a reliquary, may have retained the composition 
of ‘recent’ bone. 

Summary. Radiocarbon dating has confirmed that 
the Piltdown skull (human) is Post-Pleistocene, 
probably less than 800 years old; and that the 
Piltdown mandible (orang-utan) is younger rather 
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than older, although possibly several centuries old. 
It is shown that these findings are not inconsistent 
with the skull being in ‘sub-fossil’ condition whereas 
the mandible (of very different origin) has the 
preservation of ‘recent’ bone. 


1 Oakley, K. P., and Hoskins, C. R., Nature, 165, 379 (1950). 

? Oakley, K. P., and Hoskins, C. R., Nature, 165, 381 (1950). 

3’ Weiner, J. S., Oakley, K. P., and Le Gros Clark, W. E., Bull. Brit. 
Mus. (Nat. Hist.), Geol., 2, No. 3, 139 (1953), reporting nitrogen 
determinations by Mrs. A. Foster in the Brit. Mus. (Nat. Hist.) 
Dept. of Minerals,and fluorine determinations by Mr.C. F. M, Fryd 
in the Dept. of the Government Chemist. Fuller account in Bull, 
Brit. Mus. (Nat. Hist.), Geol., 2, No. 6, 225 (1955). 

“See, for example, Martin, R., “Uber Skeletkult und verwandte 
Vorstellungen”, Mit. Geogr. Ethnogr. Gesell.. Ziirich 1920, Taf. 
4, Fig. 6. 

5 Everett, A. H., Second Quarterly Report on the Bornean Cave 
Exploration, Rep. Brit. Assoc., Sheffield, 144 (1879). 
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DISORGANIZATION OF THE SECONDARY STRUCTURE IN 


PROTEINS EXPOSED TO 


IONIZING RADIATIONS 


IN THE SOLID STATE 
By Dr. PETER ALEXANDER, L. D. G. HAMILTON and Dr. K. A. STACEY 


Chester Beatty Research Institute, Institute of Cancer Research, London, S.W.3 


ITTLE is known of the chemical and physical 
L changes which occur when proteins are exposed 
to ionizing radiations under conditions where the 
effect is due to ionization within the protein molecules, 
that is, by ‘direct’ action. Detailed physical chemical 
studies have only been made on protein irradiated in 
solution when the reaction is indirect and due to free 
radicals. Most investigations of the direct effect have 
been confined to following the effect on their biological 
properties. It has been known for nearly fifteen years 
(cf. Lea') that the inactivation of dry enzymes by 
ionizing radiations is exponential with dose, which 
suggests that one event leads to loss of activity. The 
amount of energy which has to be supplied before 
this single reaction occurs is normally between 
50 and 200 eV. per molecule, depending on the 
enzyme. Quantitatively this suggests that nearly 
every primary ionization must be effective in destroy- 
ing the biological activity. A primary ionization in an 
organic substance brings with it far-reaching chemical 
changes which usually affect several groups, but 
it seems highly improbable that the inactivation of 
all enzymes can be attributed to the chemical 
modification of a few amino-acid residues. 

Biochemical studies? have shown that for many 
enzymes only a small part of the protein molecule is 
necessary, and that a large proportion of the amino- 
acid residues can be modified without loss of activity. 
Energy transfer processes which were recognized in 
organic macromolecules* cause preferential attack of 
some groups; but the effect is not sufficiently 
selective to provide a mechanism for the inactivation 
of all enzymes by a single random event. 

In a detailed study of the changes produced by 
irradiating solid crystalline bovine serum albumin 
(Armour Laboratories) containing 4-6 per cent of 
water with 2 MeV. electrons, in the absence of oxygen 
we have found that the first effect of irradiation is to 
disorganize a large part of the molecule. This 
alteration in structure is not dependent on covalent 
chemical changes which follow ionization, but is the 


result of a breakdown of many secondary valency 
bonds brought about by a single event which occurs 
on average for every 45 eV. deposited and can there- 
fore be associated with a primary ionization. The 
occurrence of a process of this type was predicted by 
Platzman and Franck and provides a mechanism for 
the inactivation of heat-labile enzymes of all types 
by ionizing radiations. 


Opening up the Molecule 

On irradiation the sedimentation behaviour of the 
bovine serum albumin in the ultracentrifuge changes’. 
and the decrease in normally sedimenting material 
follows an exponential relationship (Fig. 1), with a 
Do (dose required to change 63 per cent of all mole- 
cules) of 6-5 x 10° rads. This corresponds to an 
energy of 45 eV. per molecule, which has to be sup- 
plied to affect on average one molecule. Change in 
sedimentation implies an alteration in molecular 
weight or in frictional resistance determined by the 
internal structure of the molecule. Light-scattering 
measurements show that with a dose sufficient to 
alter the sedimentation of 75 per cent of the mole- 
cules, the average molecular weight of bovine serum 
albumin rises only from 69,000 to 90,000. The ultra- 
centrifuge measurements therefore indicate that a 
single event which occurs on average for every 45 eV. 
of energy supplied changes the shape of the molecule. 
The assumption that the material sedimenting 
normally is native protein that has not been affected 
at all by radiation is confirmed by chromato- 
graphy. 

Evidence that radiation ‘opens up’ the molecule is 
provided by changes in the chemical reactivity of the 
constituent amino-acid residues. Bovine serum 
albumin contains seventeen disulphide groups per 
molecule, but at the isoelectric point none of these 
can be reduced to —SH groups®, or oxidized with 
peracetic acid to sulphonic acid groups® under stan- 
dard conditions. These groups are sterically in- 
accessible, but at pH values away from the isoelectric 
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¢.1. Effect of irradiation of 2 MeV. electrons on some physical 
properties of bovine serum albumin 
Fraction of bovine serum albumin showing changed sediment- 
tion behaviour in the ultracentrifuge; 6, fraction of bovine 
rum albumin insoluble in water; c, fraction of bovine serum 
albumin insoluble in 4/15 phosphate buffer (yH 7) 


point, or following denaturation, some become avail- 
able for reaction. Exposure to 4 M guanidine 
hydrochloride at the isoelectric point makes available 
70 per cent of the total present, and this is further 
increased at alkaline pH values. On the other hand, 
a maximum of only 50 per cent are revealed by heat 
denaturation®. 

Irradiation of the solid protein progressively in- 
creases the number of disulphide bonds available up 
to a maximum of 50 per cent (Fig. 2) (at the highest 
doses some of these are destroyed, but within the 
dose-range studied this is negligible). From the 
irradiated bovine serum albumin a fraction can be 
separated which is no longer soluble in water, and 
dissolves only in salt solution. In the water-soluble 
fraction an increasing proportion of the disulphide 
bonds (up to 30 per cent) is revealed, and by 
applying a correction, on the basis of the ultra- 
centrifuge measurements, for the presence of un- 
changed native material, the number of available 
groups in the molecules affected by radiation can be 
calculated (Fig. 2). This first radiation change can 
be described as an opening up of the molecule which 
changes the frictional properties but not the mole- 
cular weight, and reveals five disulphide bonds 
normally hidden. Since this change is associated 
with a single reaction which occurs when an average 
of 45 eV. have been left in the molecule, it can 
probably be ascribed to the production of one 
primary ionization. 


Changes following a Multi-Hit Dose Relationship 


Another radiation effect is to render the protein 
insoluble in water, while remaining soluble at high 
and low pH values and in salt solutions. To avoid 
‘trapping’, the insoluble fraction is determined by 
measuring the protein which comes out of solution 


on dialysing out the M/15 phosphate buffer (pH 7) in‘ 


which the irradiated protein is completely soluble. 
Fig. 1 shows that in the production of insolubility 
there is a pronounced threshold with dose, and it fits 
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accurately a ‘two-hit’ curve. This protein has a 
greatly increased light-scattering molecular weight 
with average values ranging up to 350,000, but is 
highly poly-disperse. These aggregates are not 
broken up, that is, the average molecular weight is 
unchanged, by solvents breaking hydrogen bonds o: 
disulphide bonds, and the cross-links joining the 
molecules in the aggregates do not therefore involve 
either of these bonds. An interpretation consistent 
with all the facts is that a second ionization still 
further disorientates the secondary structure of the 
molecule and thereby changes its solubility behaviour, 
enabling cross-links to be formed between molecules. 
In this extensively modified protein following the 
second ionization approximately half the disulphide 
bonds are available. 

Further irradiation does not reveal any more 
disulphide bonds, but it does render the protein 
insoluble even in salt solution (curve C, Fig. 1). This 
heavily irradiated material dissolves only in 4 M 
guanidine hydrochloride. Probably extensive chemi- 
cal alterations now involving about 5 per cent of all 
the amino-acid residues made extensive intermolecular 
hydrogen bonding possible. 


Chemical Changes 

Chemical analysis of the irradiated protein for nine 
amino-acids shows that the disappearance of amino- 
acids (the nature of the products was not established) 
was linear with dose, but that the sensitivity of the 
constituent amino-acids varies. Cystine and dicarb- 
oxvlic acids were the most sensitive; the aromatic 
and the basic amino-acids came next in sensitivity 
and proline was the least affected by radiation of 
those studied. However, the total range was less 
than a factor of three, for example, 10% rads affected 
18 per cent of the cystine, 12-5 per cent of the 
histidine and 8 per cent of the proline. Thus, after a 
dose sufficient (that is, 45 eV./molecule) to ‘open up’ 
the protein, only one molecule in five will have a 
single cystine residue changed, one in six one histidine 
residue, and only one in two will have lost a carboxyl 
group. 

The possibility that main-chain polypeptide bonds 
are broken was tested by looking for low molecular 


40 


30F ° 








Disulphide groups available forreduction (per cent) 


L A lL 
0 10 20 30 
Radiation dose (in 10° rads) 





Fig. 2. Effect of radiation on the number of disulphide bonds in 
bovine serum albumin which can be reduced at the isoelectric point 
with £-mercapto-ethylamine 
—A—, For water-soluble fractions (that is, including the molecules 
that have not been affected by radiation); —O—, for water- 
soluble fraction after correction for unchanged protein on the 
basis of the ultracentrifuge data; —-@—, for fraction insoluble 
in water, but soluble in salt solution 
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weight fragments which could be recovered by 
dialysis of solution of heavily irradiated protein in 
4 M guanidine hydrochloride. To guard against the 
possibility that broken fragments do not become 
detached because they are linked to the main mole- 
cule by disulphide bridges, the irradiated protein 
dissolved in guanidine hydrochloride was oxidized 
with peracetic acid, which breaks all disulphide bonds 
under these conditions. As no dialysable fragment 
could be found even after a dose of 2-5 x 10° rads 
it can be concluded that main-chain breaks play no 
part in the disorganization of the secondary structure. 

Other chemical changes due to irradiation are the 
formation of carbonyl groups’ and of additional SH 
groups, as well as of a new amino-acid which has 
the same chromatographic behaviour as «-amino-n- 
butyric acid. 

The presence of oxygen during the irradiations did 
not alter the first stage of ‘opening up’ or the 
destruction of amino-acids. However, the protein is 
rendered insoluble in water at lower doses and the 
greater radiation sensitivity of dry enzymes in 
oxygen® may be due to the increased tendency for 
aggregation, or the production of main-chain breaks, 
which is facilitated by oxygen. 


Mechanism of Enzyme Inactivation 


Although bovine serum albumin has been studied 
by us in greatest detail, irradiation of solid trypsin, 
lysosyme and y-globulin produces a very similar 
sequence of events, and we believe that the pattern 
outlined above applies generally to globular proteins. 
We interpret the changes which occur in a protein 
molecule by an ionization produced within it by an 
atomic particle as a two-stage process. First, the 
introduction of a positive charge disrupts the 
secondary structure over a large part of the molecule 
and introduces a new configuration. Secondly, the 
group in the molecule that has become ionized under- 
goes a chemical change. The latter are not randomly 
distributed and energy transfer processes increase the 
probability of damage in certain amino-acid residues. 
But these effects are not very selective and there is 
no indication that one particular type of side-chain 
will be altered in every protein molecule that had 
suffered an ionization. This precludes the possibility 
that loss of activity can be due to these chemical 
effects, and it seems much more plausible to relate 
inactivation to the initial disturbance of secondary 
structure as this is an immediate consequence of the 
ionization. An explanation is provided why ionizing 
radiations are much more effective (on a dose basis) 
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in inactivating enzyme® than ultra-violet light or the 
indirect action of ionizing radiation (that is, H and 
OH radicals). Both these processes attack the 
protein chemically and alter side-chains, but they 
eannot disorganize the secondary structure directly. 

We suggested tentatively’® that the sudden intro- 
duction of a positive charge breaks down induced 
dipoles and that the resulting temporary opening of 
hydrogen bonds allows the protein molecule to adopt 
a configuration having a lower free energy. The 
difficulty is to provide a mechanism by which the 
electric disturbance spreads over a significant part of 
the protein molecule. Platzman and Franck" were 
led from purely theoretical considerations to postulate 
that an ionization within a protein molecule changes 
the internal hydrogen bonding. They have discussed 
the probable range of the electrical disturbance in 
considerable detail and conclude that some fifteen to 
twenty hydrogen bonds can be severed in this way. 
Not enough is known of protein structure to predict 
whether the breakage of this number of hydrogen 
bonds is sufficient to produce the observed dis- 
organization. 
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ORIENTATION OF ANIMALS TO POLARIZED LIGHT 


By Dr. H. 


KALMUS 


Galton Laboratory, University College, London 


ORK done or published during the past year 

concerning the orientation of animals—mainly 
arthropods—to the plane of polarization of light 
indicates the emergence of two different and, up to a 
point, contradictory approaches to these visual reac- 
tions. What may be called the orthodox view, 
gradually developed since von Frisch’s original dis- 


covery in 1948 of the ability of bees to orientate 
themselves with respect to the plane of polarization, 
has been ably summarized in a review article by 
Stockhammer'. He considers the various types of 
arthropod eyes to be analysers and, in particular, 
thinks that the analysing faculty is not situated in the 
dioptric parts but depends upon special arrangements 
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of visual pigments in the receptor cells which, like 
a polarizing screen, would combine the properties 
of analysis and absorption. 

Quite different conclusions have been drawn by 
Baylor and Smith (Apis)?, Bainbridge and Waterman 
(Mysidium)%, Burdon-Jones and Charles (Littorina)‘, 
as well as by Kalmus (Aedes, Drosophila, Thaumato- 
mia)>, who considered that the orientational 
behaviour of these various animals in the presence of 
polarized light might be explained either by purely 
external mechanisms, for example, by brightness 
patterns resulting from unequal scattering or reflexion 
from environmental objects, or by similarly unequal 
refraction from some faces of the dioptric apparatus, 
such as the surface of the eye. Neither of these inter- 
pretations requires analysing arrangements in the 
receptors. 

The hypothesis that the rhabdomers of insect 
ommatidia are absorbing analysers is supported by 
the electro-physiological results and electron micro- 
scopical work quoted by Stockhammer! ; it has been 
further strengthened by the beautiful electron micro- 
graphs of insect eyes by Fernandez-Moéran‘, confirm- 
ing that each rhabdomer is built up of numerous rod- 
shaped or tubular units which are oriented in regular 
array with their long axes more or less at right angles 
to the long rhabdomer axis. In an opposite pair of 
rhabdomers in any ommatidium the rods or tubules 
show a similar orientation, but in adjoining rhab- 
domers their orientation differs. The orientation of 
the rods in the rhabdoms of neighbouring ommatidia 
may follow a regional pattern. At the level of the 
basement membranes 7-9 single sheathed nerve 
fibres exist in every ommatidium, indicating that 
separate signals might originate and be transmitted 
from each rhabdomer. Some of Méran’s figures show 
indeed a striking similarity to the ‘star’ model of an 
ommatidium, which von Frisch proposed many 
years ago for its analysing properties; and provided 
it can be shown that the dichroitic visual pigment is 
incorporated into the rhabdomer pattern in a regular 
and orientated manner, a physical basis would seem 
to exist for the assumption that the rhabdomers of 
insect eyes are indeed analysers. Thus equipped, the 
eyes of a bee should be able to distinguish between 
various areas in the blue sky which, during the day- 
time, are fairly characteristic in their degree of 
polarization and direction of the plane of polariza- 
tion, and which, according to von Frisch’s experi- 
ments, they learn to recognize; and navigating 
bees might use this information, rather as they use 
the position of the Sun when it is directly visible to 
them. 

A transversal arrangement of rod-shaped structures 
seems to be of wide occurrence in the rhabdomers of 
thropods, and a similar organization, found in the 
visual elements of the squid Loligo’?, may occur in 
the molluses. But in the rods and cones of verte- 
brates, the orientation of the structures to which the 
visual pigments are presumably attached is quite 
different and unsuitable for the detection of the plane 
o! polarization of light impinging in the physiological 
cirection. 

Reactions to polarized light striking the rounded 
surface of some types of bulgy eyes at a skew angle 
can be expected to produce specific orientational 
effects in the absence of retinal analysers. Castle 
(juoted by Stockhammer’) has shown that a primi- 
tive type of such orientation occurs even in the 
absence of eyes, for example in fungi: the cylindrical 
sporangiophores of Phycomyces growing upwards 
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in a culture respond unequally to light of equal 
intensity but different planes of polarization. If 
light from two such sources strikes a sporangiophore 
from opposite directions it will bend, showing that the 
horizontally polarized light has a stronger effect than 
the vertically polarized light provided that the 
former is not the weaker in intensity by more than 
10-15 per cent. In compound eyes, perception of 
polarization in oblique rays of light is only possible 
if the optical isolation of the individual ommatidia 
is not absolute, and if some light initially deviating 
from the ommatidial axis can produce visual effects. 
Such a situation is admitted by Stockhammer 
(quoting Waterman) to exist in Limulus, but denied 
by him for Drosophila, Cladocera and Mysidium. 
It may nevertheless occur in some commoner situa- 
tions; for example, when insects fly under large 
areas of strongly polarized light from the sky bordering 
directly on dark areas in their visual field. 

Selective reflexion of polarized light by structures 
in the environment of an animal provides another 
means of orientation, by producing brightness 
patterns. Such patterns being objective can be made 
visible to the human eye. In Baylor and Smith’s? 
experiments, bees were released into a flat chamber 
covered with clear glass and illuminated only by plane 
polarized light from above. Those bees which crossed 
the box tended to run preferentially at right angles 
to the plane of polarization when the bottom of the 
chamber was covered with some dark and reflecting 
material, whereas over a white paper they did not 
show any directional preference. Under unpolarized 
light, preferential directions of running were observed 
over a directionally biased dark reflecting surface. 
Bees running under a source of polarized light over 
the dark bottom of the chamber showed orientation 
even when the light could not strike their eyes directly, 
regardless of whether they were running on the dark 
surface or upside down on the glass. A periscope-like 
arrangement showed that the intensity of the light 
reflected at sighting angles of 10-30° from the dark 
surface under polarized light varied greatly in differ- 
ent directions ; and it is in fact easy to demonstrate 
that reflexion of polarized light from such a surface 
at low angles is strongly directional. 

Making use of optomotor responses, I showed 
that various dipterous (Aedes, Drosophila, Thaumato- 
myia) and other insects followed the rotation of a 
‘Polaroid’ sheet under vertical illumination only 
when they were moving on or over dark reflecting 
material, but did not react against a bright back- 
ground. The existence of an objective brightness 
pattern in the light reflected at low sighting angles 
was again demonstrated; and movement of this 
pattern can explain the optomotor responses. 

Bainbridge and Waterman* showed that orienta- 
tional responses to polarized light of the marine 
crustacean Mysidium gracile, previously reported by 
them, occur only when the water containing the 
animals is made turbid by the addition of yeast. 
No significant results were obtained in carefully 
purified sea-water. The orientational responses of 
Mysidium under a vertical source of polarized light 
thus seem dependent upon the discrimination by 
these crustaceans of differences of intensity in light 
scattered horizontally. 

Burdon-Jones and Charles have shown that 
photonegative winkles of the species Littorina littor- 
alist move along the plane of polarization of light 
from an overhead source when it strikes them directly 
from above, even when the animals are allowed to 
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reflected from the substrate. The snails, however, 
orientate themselves equally well when their eyes 
are shielded from direct light and the only light 
they can see is reflected from the substrate. Photo- 
positive individuals orient themselves at right angles 
to the plane of polarization. Burdon-Jones and 
Charles believe that in either situation the snails 
orient themselves with respect to a pattern of light 
and shade, perhaps arising from the Fresnel laws of 
refraction of plane polarized light, and that the 
animals do not possess any special powers of analysis 
whereby they could discern the polarized light in 
another way. 

Our knowledge of orientational behaviour in polar- 
ized light is as yet too scanty and _ insufficiently 
integrated to permit of a general resolution of the 
apparent contradictions, and in fact it is not at all 
certain that similar mechanisms operate in all situa- 
tions where polarized light has been shown to produce 
orientational effects. Some suggestions might, 
however, be useful. One might distinguish between 
phototactie responses of animals which are correlated 
with the plane of polarization of light and the more 
complex perception and consequent utilization of 
polarization patterns in the blue sky as inferred for 
the bee by von Frisch. Indirect directional effects 
of overhead sources of polarized light striking certain 
structures in the natural or experimental environment 
or in the dioptric apparatus and resulting in objective 
brightness patterns might frequently provide a 
sufficient explanation for the orientational behaviour 
of animals whether they in fact possess retinal recep- 
tors with analysing properties or not. On the other 
hand, it is rather difficult to see how orientation with 
respect to small areas of blue sky could occur without 
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Sir lan Clunies-Ross, C.M.G. 


Sir Jan Ciunres-Ross, chairman of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion (Australia), died on June 20 in Melbourne, 
Victoria, in his sixty-first year. He was born at 


Bathurst, New South Wales, and educated at 
Newington College, Sydney. He graduated as 


bachelor of veterinary science from the University of 
Sydney in 1921 and was awarded the degree of 
doctor of veterinary science of that University in 
1928. After graduation he was awarded a Walter 
and Eliza Hall Veterinary Research Fellowship and 
undertook postgraduate studies at the London School 
of ‘Tropical Medicine and at the Molteno Institute, 
University of Cambridge. In 1928 he went to Japan 
for parasitological studies at the Institute of Infectious 
Diseases at Tokyo Imperial University. 

In 1925 Clunies-Ross was appointed lecturer in 
parasitology in the University of Sydney, and in the 
following year Council for Scientific and Industrial 
Research parasitologist. When the C.S.I.R. McMaster 
Animal Health Laboratory was established in 1931 
through the munificence of Sir Frederick McMaster, 
Clunies-Ross was appointed as the first officer-in- 
charge. He held this position until 1937, when he was 
appointed Australian representative, and later chair- 
man, of the International Wool Secretariat in London. 
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crawl on a small ball in such a way that no light is 
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such receptors. However, in many situations bright- 
ness gradients and polarization patterns in various 
parts of the blue sky are associated, and bees might 
in fact orient themselves to the former. Furthermore, 
reflexion patterns caused by sunlight will often 
have their maximum brightness in the same azimuth 
as the Sun itself and the same applies to polarized 
light from a small area of sky reflected in a substrate. 
Thus the position of the Sun might be perceived by a 
bee directly or, when the Sun is invisible, its azimuth 
might be inferred from a brightness maximum in an 
area of the sky or a reflecting background. The 
reactions of Littorina in the different conditions 
described above conform with such an explanation 
and might perhaps be taken to support this specula- 
tion. 

Another aspect of the orientation to polarized 
light might be mentioned finally, namely, its role in 
the life of the animals. It is probably safe to assume 
that many of the observed reactions are merely 
experimental artefacts. However, it is possible that, 
in other instances, orientation to sources of polarized 
light—however it works—may be of great ecological 


importance. Progress in this field will depend on the 
eareful weighing of evidence from such diverse 


techniques as electron microscopy, electrophysiology, 
photometry and not least from observations of the 
animals concerned. 


1 Stockhammer, K., Ergebnisse der Biologie, 21, 23 (1959). 

2 Baylor, E. R.,and Smith, F. E., ‘Bees and Polarized Light” (Lecture 
Notes from Woods Hole Oceanographic Institute, 1958). 

3 Bainbridge, R.. and Waterman, T. H., J. Exp. Biol., 35, 487 (1958). 

* Burdon-Jones, G., 
Sect. XI, paper 10 (1959). 

> Kalmus, H., Nature, 182, 1526 (1958). 

* Fernandez-Moéran, H., Exp. Cell. Res., Supp., 

7 Wald, G., Exp. Cell. Res., Supp., 5, 389 (1958). 


5, 586 (1958). 
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Karly in his career Clunies-Ross specialized in 
veterinary parasitology—a much-neglected subject 
in Australia at that time. He saw clearly its great 
economic significance, especially to the sheep and 
wool industry, and applied himself to it so effectively 
that he quickly became one of the world’s leading 
scientists in that field. Although most of his work 
dealt with helminthiasis of sheep, his interest ranged 
widely among parasitological problems of other 
domestic animals and of man. He brought to all his 
work a broad outlook and a depth of scientific under- 
standing which inspired his colleagues and imme- 
diately won the confidence of the livestock industries. 
Between 1923 and 1937 he published some sixty 
articles as sole author and a further fifteen as senior 
author ; in addition, he was co-author of a text-book 
on the parasitic diseases of sheep. 

Realizing at the outset that the clarification an: 
definition of the multiple and diffuse problems of 
ovine helminthiasis were essential if effective means 
of therapy and prophylaxis were to be devised, hi 
instigated widespread surveys of the incidence aml 
distribution of the major worm parasites of sheep, 
and of the associated climatic and other factors which 
determined their clinical significance. Thus, for the 
first time a sound basis was laid for studies on 


epidemiology, host-parasite relationships and selectiv« 
He and his colleagues fo!- 


anthelmintic treatment. 
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lowed up with great vigour and enthusiasm the 
advantage this clearer understanding of the problem 
gave them, and progress flowed from it rapidly. 

Among his many outstanding contributions, 
Clinies-Ross was the first to record the effect of 
copper sulphate on closure of the cesophageal groove 
in sheep. This opened up a new approach to anthel- 
mintic treatment. It was he who, by well-planned 
field trials, removed the fears of graziers that more 
intensive stocking of sheep on improved pastures 
would result in heavy losses from parasitism. This 
led him to investigate the effects of improved pastures 
on the quantity and quality of wool production. It 
was widely held that the well-being of the Merino 
and the quality of its wool depended on extensive, 
highly selective grazing, and that intensive grazing 
on the narrow range of species in sown pastures 
would result in coarse and inferior fleeces. | Clunies- 
Ross clearly demonstrated that not only can Merino 
sheep tolerate intensive grazing but also that they 
respond to the higher nutritional levels of sown 
pastures by producing much heavier fleeces with 
little change in fibre diameter. 

Clunies-Ross was an inspiring research leader. He 
had the capacity to see problems clearly, to ask the 
crucial questions and to find ways of answering them 
effectively by laboratory or field experimentation. 
His interest in veterinary research, however, and his 
choice of problems was always greatly influenced by 
his genuine love of animals. This is well exemplified 
by the work in tick-paralysis of dogs, which was one 
of his most original and successful investigations. He 
was then living in a part of Sydney where many 
hundreds of pet dogs died annually from the disease. 
He was so moved by their suffering and by the dis- 
tress of their owners that, in addition to all his other 
work, he took it upon himself to study this problem 
also. Within three years he elucidated the epi- 
demiology of the disease, traced its cause to a toxic 
factor in the salivary gland of the engorging female 
tick (Ixodes holocyclus), and prepared an antitoxic 
serum of high curative value. This was typical of 
him; his interest was not in gaining new knowledge 
for its own sake but for the use which could be made 
of it. Having once gained it, he used to the full his 
great gifts as a writer and public speaker to explain its 
significance to all who could apply it with advantage. 

Clunies-Ross’s active personal research had to be 
laid aside when he joined the International Wool 
Secretariat. Although he was appointed professor of 
veterinary science in the University of Sydney in 
1940, he had little opportunity for scientific work, as 
he was called upon to serve during the war years as 
director of scientific personnel in the Commonwealth 
Directorate of Manpower and with the Department 
of War Organization of Industry as an adviser on 
the pastoral industry. The War interrupted his 
scientific career, but it gave him opportunities to use 
lis unique knowledge of Australian agriculture and 
his outstanding powers as a speaker and publicist to 
encourage and assist the remarkable growth of 

ience and education in Australia during the years 
which followed. In 1946 he joined the Executive 
Committee of the Council for Scientific and Industrial 


Research, and in 1949, when the Council was 
reorganized as the Commonwealth Scientific and 


Industrial Research Organization, Clunies-Ross_ be- 
‘ame its first chairman. He continued to maintain 
is close interest in the wool industry and played a 
ge part in procuring the funds which enabled 
C.S.L.R.0. to build up a major effort in sheep and 
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wool research and wool textile research. Throughout 
the pastoral industries his many friends had con- 
fidence in his judgment, and with their help and with 
the backing of the Government he had the satis- 
faction of seeing, towards the end of his life, a large 
body of scientists working enthusiastically on many 
problems of great national importance. The major 
contributions which C.S.I.R.O. has made to the 
agricultural development of Australia have been 
largely due to his outstanding and inspiring leader- 
ship. 

Clunies-Ross had many interests outside his 
scientific work. The field of education was one in 
which he played a big part, and he was outspoken 
on the need for retaining breadth and liberalism in 
education. He stressed repeatedly the dangers 
inherent in the increasing specialization of modern 
scientific and technological careers. He played a 
large part in persuading the Government to set up 
the Murray Committee on Australian universities 
and made a major contribution to its outstanding 
report. He was deputy chancellor of the University 
of Melbourne and a member of the Council of the 
Australian National University. For many years he 
was active in the work of the Australian Institute of 
International Affairs and was well known as a public 
speaker on foreign affairs. He was particularly 
interested in the relations between Australia and its 
northern neighbours. As chairman of the Inter- 
national House of the University of Melbourne, a 
hall of residence in which Australian and overseas 
students live together, he was instrumental in 
making the idea a reality. 

Clunies-Ross was made C.M.G. in 1954, and in 
the same year he was created a knight bachelor. He 
was a foundation Fellow of the Australian Academy 
of Science. He was awarded the honorary degrees 
of doctor of laws by the University of Melbourne, 
and doctor of science by the Universities of New 
England and Adelaide. He is survived by Lady 
Clunies-Ross, three sons and one daughter. 

At the memorial service held in Scots Church, 
Melbourne, shortly after his death, Prof. J. D. 
M¢Caughey, Master of Ormond College, University 
of Melbourne, made a fitting tribute to his memory. 
He expressed in these simple terms the feelings of 
his many friends and colleagues throughout Aus- 
tralia and overseas: “But in and through these 
achievements, it is Ian Clunies-Ross the man whom 
we remember with admiration, with respect and with 
affection to-day. His capacity for work must have 
been enormous: to die at sixty is young, yet into 
those years was packed an astonishing variety and 
depth of interests. He lived a heavily committed 
life ; yet, I suppose, that many of us in this Church 
think of him, with gratitude, as one who had time 
for friendship. He accepted us with a smile. It must 
have been given to few who have lived so fully, vet 
to be loved by so many”’. 

F. W. G. WHITE 
D. A. GILL 


Dr. V. Korenchevsky 


Dr. V. KorENCHEVSKY, who died suddenly on 
July 9, was born in 1880 in Russia and graduated 
from the Imperial Military Medical Academy in St. 
Petersburg in 1903. After military service in Man- 
churia during the Russo-Japanese War, he worked 
in Metchnikoff’s department at the Pasteur Institute 
in Paris and in Pavlov’s laboratory in St. Petersburg. 
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In 1911 he was appointed professor of experimental 
pathology in the Imperial Military Medical Academy 
and remained there until the Revolution. His dis- 
agreement with the policy of the newly formed 
Soviet Government made it necessary for him to 
leave St. Petersburg and he escaped to south Russia, 
where he served as a doctor with the White Army 
for about a year. After the defeat of the White 
Army he made his way to England and in due 
course became naturalized. 

During 1929-45 he was a member of the staff of 
the Lister Institute. Afterwards he established the 
Oxford Gerontological Research Unit, with the 
support of funds provided by Lord Nuffield, and 
remained there until his retirement in 1952. 

The bulk of Korenchevsky’s work between the 
Wars was primarily endocrinological and was con- 
cerned with studies of the effect of sex and thyroid 
hormones, separately and in combination, not only 
on the reproductive organs but also on the other 
organ systems of animals of different ages. His work 
was characterized by a very close attention to detail, 
the use of first-class histological techniques and 
insistence on the need for healthy experimental 
material. Korenchevsky regarded this work as a 
necessary preliminary to provide a rational basis for 
use of hormones in mitigating some of the degenera- 
tions which occur with ageing. 

Dr. Korenchevsky will be especially remembered, 
however, for his pioneer achievements in stimulating 
interest in the field of gerontological studies. His 
own concern with the problems of ageing went back 
to the early years of the century when he visited 
Russian infirmaries for old people, and during his 
stay with Metchnikoff in Paris he worked on the 
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Chief Scientist to the Ministry of Power : 
Dr. C. M. Cawley, C.B.E. 
Dr. C. M. Cawrry, C.B.E., has been appointed 
chief scientist to the Ministry of Power in suecession 
to Sir Kelvin Spencer, who has retired from the 
public service. Dr. Cawley, who is fifty-two, has 
been at the headquarters of the Department of 
Scientific and Industrial Research for the past six 
years, where he has been responsible for adminis- 
tering general policy in relation to the work of the 
Department’s research stations, and to grants made 
by the Department to the universities and other 
bodies, for the promotion of research and the training 
of research workers. He is a University of London 
graduate with first-class honours in chemistry and 
joined the Scientific Civil Service in 1929, serving on 
the staff of the Fuel Research Station until 1953. 
He will take up his new appointment at the Ministry 
of Power in the early autumn. 


Ministry of Supply Appointments : 
Dr. N. J. L. Megson 
Dr. N. J. L. Mecson has been promoted to be 
deputy chief scientific officer and appointed director 
of materials, research and development (air) at 
the Ministry of Supply Headquarters. Dr. Megson 
studied chemistry at the University of Birmingham 
under Prof. G. T. Morgan. He obtained his B.Se. 
in 1923 and his M.Se. in 1925. He joined the Chemical 


Research Laboratory, Department of Scientific and 
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effects of gastro-intestinal autointoxication. He 
always remained convinced of the value of Metch- 
nikoff’s theory, and he reaffirmed his belief in the 
importance of autointoxication as an ageing factor 
in several recent publications. 

By the late 1930’s he felt that the change in the 
climate of opinion, for which he had been waiting, 
had come and that vigorous efforts to emphasize the 
need for gerontological research might at last be 
effective. 
developing an International Association of Geronto 
logists which would be responsible for investigations 
in all branches of the subject. His efforts were just 
beginning to bear fruit when the outbreak of the 
War in 1939 brought them to an end for the time 
being. 

After the War, his retirement from full-time active 
laboratory work allowed him to extend his com- 
paigning even more vigorously. He was an outspoken 
advocate of the importance of gerontology, and in 
his missionary ardour he sometimes appeared in- 
tolerant of the ideas of others. But any irritation 
engendered by his interventions were always more 
than outweighed by their stimulant effect, and it 
was clear to everyone that he was never seeking any 
personal advancement but only the benefit to his 
chosen subject which recognition might bring. Th: 
results of his lifetime of strenuous effort will be 
found not so much in his large series of careful 
scientific publications as in the numerous national 
societies for the study of problems of ageing through- 
out Europe and the Americas, in the International 
Association of Gerontology and in the enhanced 
status which tho subject has now acquired. 


P. L. KRoHN 
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Industrial Research, in 1927, as head of the Synthetic 
Resin Section and carried out fundamental and 
applied work on various aspects of polymers, particu 
larly in the phenolic resin field. 

On the outbreak of war he was appointed to tl 
Ministry of Supply as advisor on plastics and lat 
became assistant director in charge of the Advisor 
Service on Plastics, Rubber and Paints, concerned 
with development and application of new and speci! 
materials for a variety of Service equipment. In 
1949 he was awarded the degree of D.Se. by tl 


University of Birmingham for a_ thesis entitle 
“Polymer Investigations”. He became head of th¢ 
Chemistry Department, Royal Aircraft} Establish 


ment, in 1951, responsible for research and develop 
ment of non-metallic materials associated with ai 
craft and airborne equipment. Dr. Megson is thi 
author of fifty or sixty publications, ineluding a 
book, “Phenolic Resin Chemistry”, and he ha 
recently been awarded the Gold Medal of the Plastic 
Institute. He succeeds Dr. H. Sutton, whose direct 
contribution to and sponsorship of work on light 
metals for aircraft construction has brought hin 
deservedly wide appreciation. 


Dr. B. G. Dickins, C.B.E 


Dick1ns, who has been promoted to be 
appointed as directo 


De. B. G. 
chief scientific officer and 
general of atomic weapons in the 


Supply, brings to that post wide knowledge ol 


He therefore set out with the intention of 
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wrational problems and experience of weapon 
development. He obtained a first-class honours 
degree in physics in the University of London and 
entered the Civil Service in 1932. He served at the 
toval Aireraft Establishment until 1936 and was 
then transferred to Air Ministry Headquarters. He 
wis attached to the Royal Air Force Station at 
Bivgin Hill as the scientific officer associated with the 
well-known air defence experiments which 
were initiated by Sir Henry Tizard and his committee. 
When he returned to the Air Ministry he was still 
closely concerned with air defence problems and in 
addition became joint secretary of a committee 
under Sir George Thomson to advise the Government 
on the practicability of an atomic bomb. He was 
for a time responsible for arranging the officially 
sponsored work in various universities. In 1941, he 
was put in charge of the newly formed Operational 
Research Section, Bomber Command, which analysed 
the Command’s operations from all aspects and made 
contributions to the knowledge available to the 
Command staff, which led to increased efficiency and 
improved operational methods. After the War, at 
Air Ministry Headquarters, he assisted in the estab- 
lishment of the peace-time organization of operational 
research in the Royal Air Force. During 1948-1952 
he was director of technical personnel administration 
in the Ministry of Supply where his main work was 
the planning of recruitment of technical staff particu- 
larly in the fields of guided weapons and atomic 
weapons. He returned to the Air Ministry as deputy 
to the scientific adviser, whose duties were to advise 
the Air Staff on the influence of the new weapons 
on strategy and tactics and to direct operational 
research. He was then appointed director of guided 
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now 


weapon research and development in the Ministry of 


Supply, where he was responsible for much of the 
Ministry’s research and development work on guided 
weapons for all three Services. In a reorganization 
in 1958 his work was concentrated on the development 
of the British intermediate range ballistic missile. 


Mr. P. A. Hufton 

Mr. P. A. Hurron has been promoted to become 
chief scientific officer and appointed head of the Aero- 
dynamics Department at the Royal Aircraft Estab- 
lishment in succession to Mr. L. F. Nicholson, who is 
the new director general of scientific research (air), 
Ministry of Supply. Mr. Hufton graduated in 
engineering at the University of Manchester in 1933 
and obtained his M.Sc. degree a year later. He 
joined the Aerodynamics Department of the Royal 
Aircraft Establishment in December 1934 and after 
working for a short period on low-speed research, 
transferred to the Aerodynamic Research Flight 
where he remained until March 1946. Before the 
War, he worked part-time with C. N. H. Lock at the 
National Physical Laboratory on propeller theory 
and experiments. During the War he was responsible 
for take-off and landing research, particularly for 
heavily loaded aircraft, rocket-assisted take-off, 
development and flight testing of high-lift devices, 
wid work on carrier landings for the Royal Navy. 
In the spring of 1946 he moved to the Aeroplane and 
\rmament Experimental Establishment at Boscombe 
Down as superintendent of performance. He 
returned to the Aerodynamics Department, Royal 
\ireraft Establishment, Farnborough, in October 
1953, in charge of the Supersonics Division and moved 
to the Royal Aircraft Establishment at Bedford as 
head of the Aerodynamics Division in September 
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1957. A year later Mr. Hufton became chief super- 
intendent of the Royal Aircraft Establishment at 
Bedford in succession to Mr. L. H. G. Sterne. 


Chemistry at the Royal College of Science and 
Technology, Glasgow : 
Prof. F. S. Spring; F.K:S. 
Pror. F. 8S. SpriNG, who is retiring from the chair of 
chemistry in the Royal College of Science and 
Technology, Glasgow, graduated at the University 
of Liverpool under Sir lan Heilbron and received his 
first appointment in 1930 in the University of 
Manchester, where he remained for sixteen years. 
After Sir Ian Heilbron moved from Liverpool to the 
chair of organic chemistry in Manchester he and 
Spring worked in close collaboration over a number 
of years and made notable contributions to our 
knowledge of the chemistry of the sterols, vitamin D, 
and the triterpenes. During this period Prof. 
Spring’s work was particularly associated with the 
structure of ergosterol and calciferol, and with the 
B-amyrin group Prof. Spring was 
elected to the Freeland chair of chemistry at the 
Royal Technical College (now the Royal College of 
Science and Technology) in Glasgow in 1946. Here 
he has developed a flourishing school of research in the 
chemistry of the triterpenes and of certain heterocyclic 
systems. Prof. Spring was a Tilden Lecturer of the 
Chemical Society and was elected a Fellow of the 
Royal Society in 1952. 


of triterpenes. 


Prof. P. L. Pauson 


Dr. PETER Lupwic Pauson, who has_ been 
appointed to sueceed Prof. Spring, graduated at the 
University of Glasgow with first-class honours in 
chemistry in 1946, and proceeded to Sheffield as 
holder of a Henry Ellison Research Fellowship. There 
he worked under R. D. Haworth on purpurogallin 
and was awarded the degree of Ph.D. in 1949, having 
already shown his versatility by giving good service 
as temporary assistant lecturer in inorganic chemistry. 
He spent the next four years in the United States, 
first as assistant professor at Duquesne University, 
Pittsburgh, then as Research Fellow successively at 
the University of Chicago and at Harvard. It was 
then that he discovered the novel ‘sandwich com- 
pound’, dicyclopentadienyl-iron, usually known as 
ferrocene. Tho interest aroused by this substance and 
its relatives was such that, less than four years later, 
Dr. Pauson could publish a timely review article on 
work in this field, with eighty-cight references. He 
returned in 1953 to the University of Sheffield, 
where he now holds the post of reader, vigorously 
pursuing the investigation of these remarkable sub- 
stances, both as quite exceptional cases of metallic 
co-ordination and as organic aromatic systems of a 
new type. 


Nuclear Physics at the University of the Witwaters- 
rand : Prof. J. P. F. Sellschop 


Dr. J. P. F. Setiscnor has been appointed to 
the chair of nuclear physics at the University of the 
Witwatersrand as from July 1. He will continue 
to be director of the University’s Nuclear Physics 
Research Unit, to which position he was appointed 


in 1956. Prof. Sellschop, who at the age of 29 becomes 


the youngest professor in the University, is at present 
in Britain carrying out research at the Atomic Energy 
Establishment at Harwell for six months. He is a 
member of the Research Advisory Committee of the 
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Atomic Energy Board and represented the Union at 
a seminar on atomic energy and its educational 
problems which was held in Saclay, France, under 
the auspices of the International Atomic Energy 
Agency in July. Prof. Sellschop was also an official 
delegate to the second International Conference on 
the Peaceful Applications of Atomic Energy in Geneva 
last year. Born in Luderitz, South West Africa, 
Prof. Sellschop received his early education at 
Christian Brothers’ College, Pretoria. He then 
became a student at the University of Pretoria and 
received the B.Sc. degree there cum laude in 1950. 
After working at the National Building Research 
Institute in Pretoria for two years he was awarded 
an H. B. Webb scholarship and enrolled in the 
Merensky Institute of Physics at the University of 
Stellenbosch and in 1952 received the degree of 
M.Sc. cum laude. He then joined the Bernard Price 
Institute of Geophysical Research, later successfully 
reading for the Ph.D. degree in the nuclear physics 
group of the Cavendish Laboratory, Cambridge, as 
holder of a postgraduate scholarship awarded by the 
Shell Company of South Africa Ltd. in 1954. 


Microbiology at Sheffield : Prof. S. R. Elsden 


Dr. SipNEY REUBEN ELSDEN has been ap- 
pointed to the newly created chair of microbiology 
in the University of Sheffield, as from October 1. 
Dr. Elsden was educated at the Cambridge and 
County High School for Boys and the University 
of Cambridge. He graduated B.A. in 1936 and 
obtained first-class honours in both parts of the 
Natural Sciences Tripos. During 1937-38 he worked 
under Dr. Marjory Stephenson in the Department of 
Biochemistry at Cambridge and was then appointed 
assistant lecturer, and later lecturer, in physiology 
in the University of Edinburgh. In 1943 Dr. Elsden 
joined the scientific staff of the Agricultural Research 
Council’s Unit of Animal Physiology at Cambridge. 
He went to Sheffield in 1948 as senior lecturer in 
microbiology in the Department of Bacteriology and 
in 1952, when the University created a separate 
Department of Microbiology, Dr. Elsden was ap- 
pointed head of the new Department. He has also 
been honorary director since 1952 of the Agricultural 
Research Council’s Unit of Microbiology, which is 
housed in his Department. Dr. Elsden’s Department 
has received generous support from the Rockefeller 
Foundation, and the Agricultural Research Council 
Unit has also received a grant from the Kellogg 
Foundation. 


New Commonwealth Institute Building 


PLANS for a new building for the Commonwealth 
Institute were made public on June 17. The new 
premises, which will replace the present accom- 
modation in the Colleutt building in South Kensing- 
ton, will be erected on a 3}-acre site at the southern 
end of Holland Park, fronting Kensington High 
Streot, at an estimated cost of £725,000. Work will 
start next spring and is scheduled for completion in 
1962, when the removal of the Institute from its 
present building will be necessitated by Government 
plans for the expansion of the Imperial College of 
Science and Technology. The new Institute will 
consist of a main exhibition block with a wing on 
the western side. In the wing will be housed offices, 
a restaurant, a reception centre and dining space for 
visiting school parties. A large reception room for 
the Commonwealth Students’ Club and for confer- 
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ences and social occasions, a reference library and 
reading-room, a cinema to seat between 450 and 500, 
and a gallery specially designed for temporary art 
and other exhibitions are also included in the plans. 
The architects are Messrs. Robert Matthew and 
Johnson-Marshall. The Commonwealth Institute is 
the major centre in the United Kingdom for inform- 
ation about the Commonwealth nations and their 
Dependencies. Founded as the Imperiai Institute 
in 1887, it has occupied its present accommodation 
in the Colleutt building since 1893. The name was 
changed from ‘Imperial’ to ‘Commonwealth’ Institute 
by the Act of 1958. 


The British Non-Ferrous Metals Research Associa- 

tion 

THE opening of the latest addition to the labor- 
atories of the British Non-Ferrous Metals Research 
Association by Sir Alexander Fleck on May 13 is a 
further step in the progress of an Association which 
has grown in activity and reputation ever since it 
was first established some thirty years ago. This 
reputation in the field of non-ferrous metallurgy is 
acknowledged not only in Britain but also abroad. 
The restoration of the laboratories after serious war 
damage suffered serious delays, and with the increase 
in the Association’s work and the resulting congestion, 
the decision was taken in 1957 to complete the 
building plans which had been formulated some 
twenty years earlier. The block now opened adds 
some 12,500 sq. ft. of floor space, bringing the total 
to about 53,000 sq. ft. It contains new corrosion 
laboratories, a large new metal finishing shop. 
extensions to the physics laboratories and to the 
foundry. Together with these a new council chamber 
and badly needed offices for the senior staff add 
considerably to the administrative amenities. 


The Metropolitan-Vickers Nuclear-Metals Labor- 

atory 

Ir was with the view of ascertaining the effects of 
irradiating metals that Metropolitan-Vickers Elec- 
trical Co. Ltd. decided to extend the existing facilitics 
of the Research Department by building a Nuclear- 
Metals Laboratory. The Laboratory is equipped for 
the examination and testing of irradiated components 
and materials ranging up to a complete fuel element 
having an activity of the order of 10 ke. It is 
provided with two large concrete caves, and a train 
of five interconnected lead-walled cells is used to 
receive large irradiated objects. Essentially the 
caves are constructed of barytes concrete blocks. The 
air in the caves is arranged to be maintained at a 
slightly lower pressure than that in the open labora- 
tory, thus ensuring that no air-borne radioactive 
dust can escape. Remote control manipulators 
enable the operations to be carried out inside the 
caves from outside the walls. The new laboratory 
will primarily be engaged on work for the Associated 
Electrical Industries—John Thompson Nuclear 
Energy Co., Ltd., and on work under contract for the 
U.K. Atomic Energy Authority. The scope of work 
will be concerned not only with investigations into 
the irradiation effects on constructional materials 
such as graphite and steel of various types, but also 
with establishing the behaviour of metals such as 
magnesium, zirconium, beryllium, ete., and of thermal 
and electrical insulation materials. A highly organ- 


ized health physics service is maintained to safeguard 
the operating staff against all the hazards involved. 
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Sponsored Research in Great Britain 


Faciuities for sponsored research in Great Britain 
were increased by the formation in 1957 of the 
\rthur D. Little Research Institute which has 
laboratories at Inveresk, Midlothian. The Institute 

a non-profit-making organization registered in 
Great Britain as a company under the Friendly 
Societies Act, and although the two concerns are 
<eparate, it operates in close association with a 
similar group in the United States, Arthur D. Little, 
Inc., of Cambridge, Mass. The Institute has now 
issued its first annual report from which readers may 
gain some idea of the scope and objects of the new 
venture. With Lord Bilsland as chairman of the 
Board of Directors, and with Dr. F. N. Woodward 
as director of research, the Institute has been con- 
cerned with several projects, all of which are being 
treated with special reference to the fundamental 
scientific background. The results will normally be 
given open publication when the work is complete, 
and interim accounts of the various projects are given 
in this annual report. These projects include investi- 
vations of the sodium derivatives of sucrose and of 
their condensation with a variety of organic halogen 
compounds, studies on the mechanism of the forma- 
tion of isotactic polymers, the development of rapid 
methods for assessing the effectiveness of potential 
corrosion inhibitors, studies on the mechanism of 
inhibition of corrosion by electrochemical methods, 
and investigations into the modification of wood 
cellulose by chemical methods. In addition, the 
report refers to lectures, publications and other 
scientific activities organized by the staff of the 
Institute. It will be of great interest to all those 
who wish to know more about this new development 
in sponsored research and its place in the general 
organization of research in Great Britain. 


Nuclear Studies in the United Kingdom 


THE Science Department of the British Council 
has issued its third list (May 1959) entitled “‘Nuclear 
Studies”. This is a concise catalogue of courses in 
pure and applied sciences concerned with the use 
and development of nuclear energy. It is issued 
primarily as a guide for the overseas student who 
wishes to undertake specialized, formal training in 
the United Kingdom. Consequently it includes only 
full-time courses, generally of one week or more in 
luration, and is not concerned with research topics 
or with the courses which may be regarded as forming 
part of a normal first-degree course. Although the 
list has appeared too late for application to be made 
for many of the courses during the academic year 
1959-60, it serves to direct inquiries for courses in 
1960-61. Further information can be obtained from 
the Science Department of the British Council, 65 
Davies St., London, W.1. 


Building Research in New Zealand 

IN recent years, a number of fields of investigation 
relating to the building industry in New Zealand 
have been pursued independently in various organ- 
izations and Jaboratories in which the main interests 
have been in quite different fields. The Dominion 
(Chemical) Laboratory has investigated paints and 
local building materials; the New Zealand Forest 
Service has carried out 
indigenous and exotic, suitable for building; the 
Pottery and Ceramics Research Association has in- 
vestigated the appropriate use of brick constructions 


work on timbers, both‘ 
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for earthquake conditions; and the Dominion 
Physical Laboratory has done some valuable work on 
methods of domestic heating, thermal insulation, and 
related physical problems. But there has been no 
co-ordination between these diverse efforts ; nor any 
institution wholly devoted to problems of the building 
industry. 

This anomalous state of affairs is now to be 
abolished with the establishment of a Building 
Research Bureau, which is being sponsored by a 
joint committee of the New Zealand Master Builders’ 
Federation and the New Zealand Institute of Archi- 
tects. Dr. Lyndon Bastings has been appointed the 
first director. It is intended initially to set up a 
library and an information service; but as funds 
allow, it is hoped that laboratories and other practical 
facilities will follow in due course. The address of 
the new Bureau is: Construction House, 66 Murphy 
Street, Wellington, N.1, New Zealand. 


Postgraduate Courses at the Imperial College of 

Science and Technology, London 

ADVANCED postgraduate study has long been a 
special feature of the work of the Imperial College of 
Science and Technology, University of London. As 
new types of technology emerge—of which nuclear 
power and soil mechanics are notable recent examples 
—they open up possibilities of study which must 
remain outside the scope of any course for a first 
degree but which are properly within the field of 
university teaching. The postgraduate courses at 
the College have been greatly increased in number in 
recent years to meet the wide range of technological 
development. Postgraduate courses provide the 
opportunity for students, including many who have 
already spent a year or more in industry, to further 
their knowledge in a particular specialized field, and 
at the same time to learn from experts their experience 
of the application of this knowledge in industry. 
Details of the courses are set out in an impressive 
handbook published by the College (Postgraduate 
Courses, 1959-60. Pp. xii+111. London: Imperial 
College of Science and Technology, 1959); the list 
should give considerable satisfaction to all who are 
concerned with Britain’s place in the world of tech- 
nology. Many of these courses have been accepted 
by the Department of Scientific and Industrial 
Research as suitable for the tenure of advanced 
course studentships. Grants for the courses related 
to agricultural science are awarded by the Ministry 
of Agriculture, Fisheries and Food. The courses are 
assisted by industry; in particular, a number of 
firms support the work of the advisory committees 
in concrete technology and technical optics and 
provide bursaries for the respective courses. 


Sandwich Course in Executive Development 

THE Department of Commerce and Management of 
Sheffield College of Technology is to provide a 
sandwich course in executive development com- 
mencing in November 1959. The purpose is to 
provide for the young manager and potential manager 
a fully integrated plan of executive development, by 
bringing together in one scheme both education for 
management within the College and general and 
vocational managerial experience in his working 
environment. Full-time attendance at the College 
will be required for approximately fifteen weeks 
during each year of the course, and will be spread 
over a period of two academic years. Only students 
already engaged in industry, and _ individually 
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sponsored by their employers will be accepted into 
the course. Further information can be obtained 
from the Head of the Department of Commerce and 
Management. 1, Melbourne Avenue, Sheffield, 10. 


Developmental Biology 

THE first number has recently appeared of a new 
journal, Developmental Biology, published by the 
Academic Press, and produced by an editorial board 
consisting of Prof. J. Brachet, Prof. E. Hadorn, 
Dr. P. Weiss with Prof. M. V. Edds of the Department 
of Biology, Brown University, as managing editor 
(Developmental Biology, Vol. 1, No. 1; April 1959. 


Pp. x +124. Volume | (6 issues) 14 dollars. New 
York and London: Academic Press, Ine., 1959). 
The manuscripts in English should be sent to 


Developmental Biology, Department of Biology, 
Brown University, Providence, Rhode Island, U.S.A. : 
those in French to J. Brachet, Laboratory of Animal 
Morphology, University of Brussels, Brussels, Bel- 
gium, and those in German to E. Hadorn, University 
of Zurich, Switzerland. Many of the classical divisions 
of biology no longer correspond to the way in which 
research is organized and thought develops in biology 
to-day. The formation of this journal is an attempt 
to produce some degree of rationalization by bringing 
together studies of all aspects of development and 
srowth. This is well exemplified by the contents of 
the first »umber, which contains articles dealing with 
the chick embryo, with Drosophila larve, with the 
ribonucleic acid involved in differentiation of a fern 
and with the function of SH groups in morphogenesis. 
In the editorial to the first number the editors say 
that they are prepared to accept articles written 
from a wide variety of points of view, for example, 
analytical or descriptive, technical or theoretical, 
using either a molecular approach and/or an organis- 
mal approach. Micro-organisms, plants and animals 
are all equally regarded as relevant to the problems 
of developmental biology. 


Native Life in Angola 

THE Portuguese Companhia de Diamantes de 
Angola is noted for the interest it takes in archeology 
and the native cultures of the region in which it 
operates. Business firms are not usually directly 
concerned with interests of a cultural nature outside 
their own money-making projects, and this makes it 
all the more remarkable that the Angola Diamond 
Mining Co. has published already a large number of 
splendid volumes, full of illustrations which deal 
with many aspects of the past and present history of 
the country. A recent volume (Companhia de 
Diamantes de Angola (Diamang). Servicos Culturais. 
Dundo—Lunda—Angola. Museu fo Dundo.  Pub- 
licacées Culturais No. 37: Flagrantes da Vida na 


Lunda. Introducio de José Osério de Oliveira. 
Pp. 192. (Lisboa: Companhia de Diamantes de 
Angola 1958)) is @ superb publication of large 


format containing no less than 148 full-page illus- 
trations of the countryside and its inhabitants. We 
can see basket-makers at work, fishing scenes, a 
moment in a divination ceremony, a Lunda chief 
with his robes and ceremonial insignia, etc. The 
first 44 pages are devoted to an introduction by 
Dr. José Osério de Oliveira, there being Portuguese, 
French, and English versions. An account of some of 
the cultural activities of the company is given and 
also of the country and its people. On the last page 
the author writes: “The honour attributed to the 


leaders of ‘Diamang’ in having anticipated in Africa 
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that which the experts convoked by UNESCO 
counselled is nothing more than justice, for one 
cannot fail to look upon the company as the keystone 
of local native life’. This is true, and furthermore. 
both archeologists and anthropologists all over the 
world have reason to thank the Company for the 
Dundo Museum and many other contributions to 
learning. 


Summer Tanager 

FOLLOWING a series of depressions and_ strong 
westerly winds, an unusual bird was observed on 
Bardsey Island on September 11, 1958. It was some- 
what smaller than a song thrush, olive green above 
and deep yellow below, with a heavy blunt bill and 
peculiarly short legs. Subsequent observations sug 
gested that the bird was a summer tanager, Piranga 
rubra, which had not previously been recorded in 
any European list ; the few red feathers on the head 
and the back suggested that the specimen was a 
young male. Details of the observation and of the 
highly successful work carried out at Bardsey Bird 
and Field Observatory during 1957 are described 
in the annual report of that Observatory for 1957, 
which can be obtained from W. M. Condry, Eglwys 
fach, Machynlleth, Montgomeryshire. 


Chromosome Numbers in Solidago 


In further studies of the genus Solidago, J. R. 
Beaudry and D. L. Chabot (Canad. J. Bot., 37, No. 2 ; 
1959) have observed the chromosome numbers in 
25 taxa of the genus. In all, the chromosome numbers 
of 42 taxa have now been published. The basic 
number of the genus is nine. Thirty-three taxa are 
diploid (2n = 18), five are tetraploid (2n = 36). 
three are aggregate taxa containing both diploid 
and tetraploid cytodemes, and one is hexaploid 
(2n = 54). Polyploidy has thus contributed to the 
evolution of the genus Solidago but it seems that most 
of the species have differentiated gradually. S 
decemflora DC. of western North America differs 
from S. nemoralis Ait. of the same continent by 
morphological characters, its geographical distribu 
tion, and its chromosome number, the first taxon 
being tetraploid and the second diploid ; the two are 
thus good species and not merely varieties of the same 
species. iS. rigida is considered to be an aggregate. 
consisting of two entities which are distinguished not 
only by their morphology and geographical distribu- 
tion but also by their chromosome numbers; the 
eastern one (S. rigida L.) is tetraploid, whereas the 
western one (S. parvirigida Beaudry) is diploid. The 
bog and marsh goldenrods, S. Purshii and S. uliginosa. 
also possess different chromosome numbers, the first 
being diploid and the second tetraploid. 


Soil Fungi in the Belgian Congo 


J. Meyer has given a comprehensive account of 
soil and litter fungi in the Belgian Congo (region of 
Yangambi) (Publications de l’Institut National pour 
V’Etude Agronomique du Congo Belge. Série Seienti- 
fique, No. 75: “Moississures du Sol et des Litiéres 
de la Région de Yangambi (Congo Belge)”, par J. 
Meyer. Pp. 211+4 planches. Bruxelles: Institut 
National pour I’Etude Agronomique du Congo 
Belge, 1959. 190 Belgian francs). In this work, the 
author has recorded his taxonomic observations on 
the very considerable number of fungi observed or 
isolated, leaving the questions of sociology, syneco- 
logy, etc., to be dealt with later. The generally 
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accepted classification of soil fungi into native or 
cosmopolitan species, and exotic fungi (soil invaders), 
is followed ; but the author notes that the exotic 
organisms require further sub-division into two 
groups, namely, preferent species (espéces préférentes), 
inplying having precedence or priority, and exclusive 
species. The nature of the vegetation, and the fruits, 
leaves and branches which fall from it to form the 
litter, carrying down air-borne organisms by which 
they have become infected, influences the nature of 
the exotic fungal flora. So also do rhizosphere rela- 
tionships. Hence the author considers that the work 
of the soil mycologist must necessarily suffer limita- 
tions if it fails to take into account the nature of the 
vegetation and its litter; that is to say, properly 
envisaged, the phenomenon to be investigated is that 
of vegetation-litter—soil. In this initial study, some 
251 species are listed, described and many of them 
illustrated. Of these, 191 came from the soil (13 
Phycomycetes, 31 Ascomycetes, and 147 Deuteromy- 
cetes) and 60 were observed directly on debris. The 
Hyphomycetes have been classified according to 
Hiughes’s system (1958). 


Precambrian Geology of South-western Australia 
Tun Precambrian geology of south-western Aus- 
tralia has recently been reviewed by A. F. Wilson 
/. Roy. Soc. Western Australia, 41, 57; 1958), who 
provides a new tectonic-geological map of a quarter 


of a million square miles of this region on a scale of 


20 miles to the inch. This is the first attempt to 
integrate all known trends of granites, gneisses, and 
reenstones’, and on the map these and charnockitic 
rocks are distinguished for the first time. The well- 
known north-north-westerly trend of the Goldfield 
iureas is found to extend in a general way throughout 
much of the region. The strike of the granites con- 
forms to the regional strike of the metamorphic 
rocks, but magmatic emplacement is suggested 
ocally. Granitization contacts are also common, and 
lter-press differentiation phenomena are known. 
(:eochemical and petrographic features suggest that 
uany gneisses are similar in composition to grey- 
wacke rocks, but that the granites would need to have 
heen subject to some K-metasomatism to have been 
produced from such a source. Charnockitic rocks are 
found over a very large area, and seem to have 
loveloped in at least four different ways, and in two 
inain periods—one early and the other late Archzan. 
would appear from radioactive age determinations 
that the bulk of south-western Australia is of early 


\rchean age, and that a late Archean period of 


etamorphism has affected parts of the south and 
south-east, and alse possibly the western margin 
of the shield which is down-faulted beneath the Perth 
basin, 


Perkin Centenary Trust Awards 

THE Perkin Centenary Fellowship has been 
varded to Mr. Brian Whitear, a research chemist 
i the laboratories of Messrs. Ilford, Ltd. Mr. Whitear 
‘ill work at the University of Southampton, under 
he supervision of Prof. R. C. Cookson, on photo- 
hemical reactions of coloured substances. Perkin 
Centenary Scholarships have been awarded to the 
ollowing: Mr. Ronald R. Cox (tenable at the 
niversity of Birmingham); Mr. B. T. Lawton 
tenable at the Royal Technical College, Salford) ; 
ind to Mr. D. J. Pearson (tenable at the Bradford 
Institute of Technology). 


, technical colleges and teaching institutions. 
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University News : Hull 

THE annual report, 1957-58, of the University of 
Hull notes the establishment of the grade of senior 
lectureship, to which eight lecturers have been pro- 
moted, and also another large deficit on the halls of 
residence. Residence fees have been assessed to 
provide a surplus, and if costs do not rise appreciably 
an overall deficit should be avoided during the next 
three years. The first stage of the new library 
building is expected to be completed in the summer 
of 1959 and a provisional building programme at an 
estimated capital cost of £949,000 has been approved 
by the University Grants Committee for the years 
1960-63, including a new physics building, a hall of 
residence on the University site, an arts and social 
science building, and extensions to Ferens Hall. 
The completed programme will cost nearly £2 million 
and will provide places in Hull for about half the 
2,000 students expected in the University in the 
°60’s. The Senate’s report includes brief notes on 
research work in progress, an account of the work of 
the Department of Adult Education and a list of 
publications during the year, arranged under depart- 
ments. 


Announcements 

H.R.H. THe Duke or EpinBurGuH has accepted 
an invitation to become the first Honorary Fellow 
of the Illuminating Engineering Society. 

Pror. J. H. Maturewson, of the Institution of 
Transportation and Traffic Engineering, University 
of California, will give two lectures at the Road 

Research Laboratory, Langley Hall, Langley, Slough, 
Bucks., on “Experiments on Automobile Collisions” 
(September 9); and “A Simulator for Research on 
Driver Behaviour” (September 16). Both lectures 
will commence at 3.30 p.m. Tickets can be obtained 
(free) on application to the Director of Road Research, 
Road Research Laboratory, Harmondsworth, West 
Drayton, Middlesex. 

Sir JAMES DEnBy ROBERTS has been appointed 
chairman of the Joint Committee of the Agricultural 
and Medical Research Councils and the Development 
Commission on Biological (Non-Medical) Problems of 
Nuclear Physics in succession to Lord Rothschild, 
who retired earlier this year. This Committee was 
formed to sponsor and co-ordinate research on the 
offects of radioactive substances on plants and animals, 
and is responsible for the supervision of monitoring 
fall-out in foodstuffs and other biological materials. 
Sir James is chairman of the Scottish Society for 
Research in Plant Breeding and is _ particularly 
interested in farming in the Highlands. 

It is announced that the Commonwealth Scientific 
and Industrial Research Organization (Australia) has 
formed a new Division of Mineral Chemistry, replacing 
the Minerals Utilization Section of the Organization’s 
Chemical Research Laboratories. The Division’s re- 
search under the leadership of Mr. R. G. Thomas 
will be concerned with the chemical transformation of 
minerals into a wide variety of useful products. 

A COLOURED wall-chart illustrating in section the 
Metro-Vickers Type EM6 electron-microscope has 
recently been produced primarily for the use of 
Supplies 
have been reserved for lecturers and science teachers 
and requests for copies should bo addressed to the 
Publicity Department of Metropolitan-Vickers Elec- 
trical Co., Ltd., Manchester. 
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INDUSTRIAL RESEARCH ASSOCIATIONS IN BRITAIN 


|S eegpeaer a for Industry, 1958”’, which reports 
on work done by the industrial research 
associations in the Government scheme, this year 
adopts a new pattern which has much to commend 
it. It includes the report of the Industrial Grants 
Committee of the Council for Scientific and Industrial 
Research which comprises a review of grant policy 
during 1957-64 (see p. 211 of this issue), and a review 
of the achievements during the past five years of the 
ten research associations to which new or revised terms 
of grant were recommended during the year. Apart 
from brief notes on any outstanding features of the 
work of other research associations during the period, 
the bulk of the report comprises a list of existing 
associations, giving their officers, total income and 
publications during the year and a brief note on the 
scope of the present work of each association. There 
is also an assessment by Dr. D. T. A. Townend of the 
place of the research associations in the evolution of 
scientific endeavour, and a report entitled “‘New 
Ideas, New Products, New Processes’? on how co- 
operation research serves the textile industries. In 
this report, which covers the work of several research 
associations, the point is made that one-fifth of an 
association’s resources is only adequate for funda- 
mental] research if the total resources are big enough. 

Of the research associations which received new 
or revised terms of grant during the year, stress is 
laid on the basic research into the composition of 
gelatin and glue, the structure of the gelatin molecule, 
the properties of solutions and gels and the con- 
version of collagen into gelatin being carried out by 
the British Gelatine and Glue Research Association ; 
the economic value of the work of the British Hat 
and Allied Felt Makers’ Research Association ; the 
achievements of the British Hydromechanics Research 
Association in the design and utilization of pumps 
and in high-pressure hydraulic machinery and in 
hydraulic model testing. The Furniture Development 


Council has conducted a basic investigation into 
factors affecting the strength and rigidity of cabinet 
construction, developed test methods for furniture 
lacquers and worked on a new, economical material— 
wood chipboard. The Heating and Ventilating 
Research Council began its first major research 
project in 1956-57—-an investigation of problems 
arising from the intermittent heating of buildings, 
with the view of ascertaining possible fuel savings by 
choosing in advance equipment and programme of 
the daily heating cycle in relation to the thermal 
characteristics of the building and installation. The 
Lace Research Association has carried out much 
work on new types of yarn and on problems arising 
in dyeing and dressing synthetic fibre materials, and 
is engaged in a basic study of the bobbin and carriage, 
which is the central feature of major types of lace 
machines. 

Basic research carried out by the British Flour- 
Millers’ Research Association includes a complete 
analysis of the amino-acid composition of flour and 
of the changes which occur when it is made into 
bread. The Research Association of British Rubber 
Manufacturers has extended its cover to plastics, 
notably polyvinyl chloride and polyethylene, and 
has been investigating the basic physical character- 
istics of rubber and plastics and the influence of 
service conditions such as temperature on _ these 
characteristics. An outstanding piece of chemical 
research increased knowledge of how traces of certain 
metals, notably copper and manganese, can cause 
premature deterioration of important classes of rubber 
products, especially rubber-proofed fabrics. The 
British Coke Research Association has developed 
instruments such as an isothermal bomb calorimeter 
for accurate determination of the calorific value of 
solid and liquid fuels and an electromagnetic semi- 
microbalance for use in fundamental studies relating 
to carbon. 


AGRICULTURAL RESEARCH IN BRITAIN 


CORRESPONDENT, commenting in a Scottish 

farming paper on the Report of the Agricultural 
Research Council for 1957-58, complained that he 
could find no reference to research on grass tetany. 
Because of its current seriousness, he felt that some 
of the four million pounds that the Council administers 
should be allocated directly towards research into 
this problem. If he had read the report with deeper 
understanding he would have realized that such a 
criticism was not really justified. For example, at 
the Rowett Research Institute there are in progress 
fundamental studies on the physiology of rumen 
digestion with particular reference to young grass 
which is high in potash and nitrogen. The work is 
not labelled grass tetany or hypomagnesemia, but 
it is in fact just the sort of work that will lead to a 
better understanding of the metabolic diseases of 
livestock which are still very largely unsolved. 


Agricultural research has long since passed from its 
old phase of an empirical approach to outstanding 
problems, and this is well illustrated by this report, 


for the main emphasis is on fundamental studies 
necessary for a better understanding of the vital 
mechanisms of plants and animals. 

Another illustration of this approach is provided by 
the investigations, mainly at Rothamsted Experi- 
mental Station and at the University of Durham, 
into the biology of the potato root eelworm. Studies 
have been made of diffusate from potato roots which 
stimulates hatching of the cysts, and investigations 
are proceeding at several centres into the chemistry 
of this material, with the view of obtaining a means 
of causing hatching in the absence of the _ host 
plant. 

A feature of the report is the very considerabli 
emphasis which is given to the several aspects of 
poultry research, which for a number of years was 
something of a Cinderella so far as the Council was 
concerned. The industry, with an annual output of 
£200 millions, is second in importance in Britain to 
dairying, and it also is one of the most heavily sub- 
sidized. It is very important that the industry 
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should be more efficient, and especially is this true in 
respect of disease control, for wastage is a very heavy 
source of loss. To-day there are two poultry research 
institutes, one wholly and the other partly financed 
by the Council, while there is a considerable amount 
of poultry research being supported at other centres. 
One pleasing aspect of the breeding work is the atten- 
tion that is being given to methods which will be 
within the compass of the small breeder, who is in 
imminent danger of being squeezed out by the large 
organizations producing hybrid chicks. 

Possibly the most notable advance from the point 
of view of the farmer relates to the control of husk in 
cattle, which is caused by the lungworm, Dictyocaulus 
viv/parus. This work has been undertaken by the 
University of Glasgow Veterinary School and was 
started in 1952. The successful outcome of this work 
is that double vaccination, using doses of larvie that 
have been partially inactivated by irradiation with 
X-rays, gives an effective field control of a disease 
which has been a serious source of loss to farmers. The 
cost to the cattle industry has not been confined to 
deaths and loss of thrift, but has included also the 


SELF-REGULATION 


rT HE first Ottawa symposium on self-regulation in 

living systems, held in October 1958 (see Nature, 
183, 730; 1959), led to requests for a second meeting 
with particular emphasis on problems of stability in 
self-regulating systems. This meeting was held at 
the National Research Council laboratories in Ottawa 
on March 11. As on the previous occasion, a very 
wide range of professions was represented, and the 
attempt was made to increase our understanding of 
the behaviour of living systems by analogy with 
known physical and mathematical techniques and 
concepts. 

The opening paper, outlining the nature of the 
problem, was by a physiologist, Dr. A. 8. V. Burgen 
(McGill University, Montreal). Burgen emphasized 
that all physiological problems are multifactorial in 
character, and that in a real biological system it is 
impossible to isolate a single variable. A real need 
exists for more adequate mathematical techniques 
to deal with such problems. However, at present, 
simplifying assumptions are essential in order to 
reduce problems to manageable form. Thus we may, 
for example, consider the blood circulatory system 
as made up of two pumps—namely, the right and 
l-ft ventricles of the heart—connected in series with 
each other and with the blood vessels of the body. 
The problem here is how the outputs of the two 
pumps are maintained equal to one another. It is 
found that over a wide range of input pressures the 
output flow is proportional to this pressure, and in 
this way automatic regulation is achieved. It appears 
that blood pressure is controlled by sensors acting 
via the base of the brain to cause dilation or con- 

action of capillaries in the circulatory system. In 
ihese eases, and, for example, in the problem of 
inaintenance of body temperature, the mechanisms 
hv which the actual operating values are determined 
emain largely unknown at present. It was also 
pointed out that there are definite time-cycles within 
the body for which at present no explanations have 
been given. Following Burgen’s paper there was 
onsiderable discussion as to whether the dependence 
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cost of housing and hand-feeding susceptible animals 
in order to avoid infection. Now that farmers have 
an effective control of the disease, it will be possible 
for them to put calves out to pasture and thereby 
considerably lower the cost of rearing. X-irradiation 
opens up enormous possibilities in the control of 
other endo-parasitic infections, and further work is 
proceeding on this side. 

One final point about the Council’s activities— 
though the greater part of its funds go to research 
institutes such as Rothamsted Experimental Station 
and the National Institute for Research in Dairying, 
the universities are by no means neglected. Apart 
from a number of research units, there were ninety-four 
separate projects at sixteen universities which were 
receiving grants in March 1958. It seems that fears 
expressed a few years ago that the big institutes 
would monopolize research in agriculture, and the 
sciences basic to agriculture, are groundless, for it is 
obviously the Council’s policy to encourage workers at 
the universities, who have, among their other duties, 
the task of training research workers to staff the 
institutes. 


IN LIVING SYSTEMS 


‘ 


on temperature of the rate of chemical processes 
might provide an adequate mechanism for the main- 
tenance of an internal temperature standard. 

Dr. A. C. Smith (Computing Centre, University of 
Ottawa) presented some analysis of the properties of 
idealized control systems, using the method of the 
Laplace transformation. The analysis, however, 
was limited to strictly linear systems, and it was felt 
that the non-linear problem is in fact of great 
importance to physiologists and others. The con- 
clusion reached in the analysis was that optimum 
control conditions obtain when the control action 
depends upon both the variable under control and 
its time derivative. This conclusion agreed with 
the general experimental observations of the physio- 
logists present. In the discussion the influence of 
time delay or phase of negative feedback on the 
stability of systems was of primary interest. Physio- 
logical systems discussed in this connexion included 
problems of neurological instability and the recent 
work, reported in the literature, on the relation 
between stammering and delays in the reception of 
aural signals. The galvanometer amplifier using a 
light beam and photocell to provide a high degree of 
negative feedback offers a simple mechanical system 
showing some of the important features. If the time 
delay in the response of the cell is appreciable, the 
galvanometer amplifier system may ‘build up’ to a 
state of oscillatory instability. It should be emphas- 
ized that the polarity of the feedback is still nominally 
negative; if the feedback is connected up in the 
opposite sense (positive feedback) then the galvano- 
meter amplifier becomes entirely unstable, and 
obviously so! 

An outline of some modes of operation of digital 
computers by Dr. Bradford Dunham (Research 
Laboratory, International Business Machines, Pough- 
keepsie, New York) opened the way for analogies to 
be drawn with living systems. In programming a 
computer a specific problem must be given a precise 
mathematical formulation and then translated into 
machine language. Under these conditions we may 
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say that the machine will either perform activities 
requiring no ‘judgment’, or it may be adapted to 
include activities requiring ‘judgment’ provided that 
the programme contains some means for evaluating 
consequences. We can then go further and consider 
problems which are rather inexact, or poorly defined, 
with the condition that the answer(s) to the problem 
(which may be very difficult to find) must be easy to 
check or recognize as correct when arrived at. In 
order to do this, the machine changes its own pro- 
gramme in some successive manner and at the same 
time evaluates the effect of these changes. It cer- 
tainly appears that this technique of ‘machine search’ 
can be regarded as a learning process (perhaps even 
more ?) in that the machine itself attempts to arrive 
at the correct way to tackle a problem. 

Dr. F. L. McNaughton (Montreal Neurological 
Institute) made some remarks on stability in relation 
to the human system, pointing out first that we are 
still far from an adequate understanding of how the 
brain works. Experiments in which people were 
isolated from their environment result in hallucina- 
tions in the experimental subject and some distortion 
of perception when the period of isolation is ended ; 
a@ clear interdependence of nervous system and 
environment is indicated. When this adjustment of 
man to his environment breaks down he shows the 
symptoms of disease. Broadly speaking, it appears 
that only damage or disease in the general receptor 
or motor areas of the brain produce immediately 
identifiable external symptoms. Considerable parts 
of other areas of the brain may be removed or quite 
drastic surgery carried out, with what appear to be 
only transient after-effects in many cases. In dis- 
cussion, the close analogy between the apparent 
organization of the human brain and the problem of 
‘machine search’, mentioned above, was pointed out. 
It has been found that in machine ‘learning’ of this 
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type, the initial and final stages of the programme 
(which might perhaps be likened to receptor and 
motor areas) are critical in the solution of the problem, 
but otherwise many alternative programmes appear 
to be possible. 

Dr. G. Glinski (Department of Electrical Engineer- 
ing, University of Ottawa) spoke on the general 
problem of stability and adaptability of multi-loop 
feedback control systems. Systems of this type are 
much closer to living systems than the simpler contro! 
systems discussed earlier since a number of variables 
are involved in controlling a single output. In 
addition, there may be feedback to one or more 
inputs and it is also possible to take into consideration 
some interaction between input variables. 

In the previous symposium, Dr. A. C. Burton 
(University of Western Ontario) presented some 
demonstrations on the significance of visual per- 
ception. The present symposium concluded with a 
short demonstration by Dr. Burton of interaction 
between visual inputs. This followed an experiment 
first performed by Mach in which an interaction 
between neighbouring receptors in the eye leading to 
a sharpening of the contrast between light and dark 
regions is shown quite dramatically by the apparent 
presence of intensified dark and light bands in the 
penumbra region of a straight edge when projected 
on to a lantern screen. 

Following the meeting, a panel discussion took 
place on the Canadian Broadcasting Corporation 
system under the chairmanship of Sir Robert Watson- 
Watt, in which Drs. Burgen, Dunham and MacDonald 
took part. During this spontaneous discussion the 
significance of ‘learning’ by machines was explored 
further. It is probable that a further symposium 
will be held—-perhaps this time in Montreal. 

D. K. C. MacDonatp 
Dove tas L. Martin 


THERMONUCLEAR PROCESSES 


A. CONVENTION on ‘‘Thermonuclear Processes” 

was held in the Great Hall of the Institution of 
Civil Engineers on April 29-30. The convention was 
organized by the Institution of Electrical Engineers 
in conjunction with the British Nuclear Energy 
Conference. A total of twenty-two papers were read, 
half of which were concerned exclusively with the 
engineering problems arising out of research into 
controlled thermonuclear reactions. The remaining 
papers were largely re-statements of results given at 
the Geneva Conference on the Peaceful Uses of Atomic 
Energy last year, albeit presented in a form more 
suitable for a predominantly engineering audience. 
However, some new results were given, particularly 
in the papers submitted by the United States and the 
U.S.S.R. 

The mechanism of energy loss remains the out- 
standing question in connexion with the toroidal 
stabilized pinch or Zeta-type discharge. At the 
Geneva Conference, Dr. 8S. A. Colgate of the University 
of California claimed that the entire energy loss 
during the first 7-8 usec. of the discharge life-time 
in his small torus was due to runaway electrons with 
an energy of about 2 keV. striking the walls. Later, 
Drs. Hughes and Kaufmann of Associated Electrical 
Industries, Ltd., Aldermaston, published results 
obtained with the Sceptre apparatus showing that 


impurity ions were drifting around the torus with the 
unexpectedly high velocity of 108 em./sec. The 
angular momentum of the deuterium plasma deduced 
from these measurements was in agreement with the 
notion of runaway electrons as the chief source of loss. 
This happy unanimity was destroyed by the release 
of two further results during questions at the Conven- 
tion. First, a search had been made on Zeta for the 
Doppler shift in impurity spectra indicating drift 
motion and none had been found. Secondly, thie 
group at Los Alamos under Dr. J. A. Phillips working 
with Perhapsatron S4 had some evidence to show 
that the whole of the energy loss from their torus was 
due to radiation in the vacuum ultra-violet region. 
Clearly more work will have to be done before the 
problem is finally resolved. 

Mr. G. B. F. Niblett of the Atomic Weapons 
Research Establishment, Aldermaston, describe: 
some new experiments on the rapid compression 0! 
plasma. In this work a fast-rising axial magnetic 
field is created inside a linear discharge tube by means 
of a long single-turn copper coil coupled to a condenser 
bank. The resulting ring discharge ionizes the gas 
and is rapidly collapsed by the rising magnetic 
pressure. The heating principle is the same as that 


of the fast linear pinch first reported by Kurchatov a 
Harwell in 1956, but the changed geometry avoids 
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electrode effects and is expected to be hydromagnetic- 
ally more stable. A ringing discharge with a frequency 
of about 200 ke./s. was produced in a 1}-in. bore 
tube. A rotating-mirror photograph of the discharge 
in nitrogen showed successive contractions of the 
discharge corresponding to the oscillations of the coil 
current. In other measurements, the radial oscillation 
of the hollow cylindrical shell of plasma when con- 
fined between two magnetic fields was observed. 
It was suggested that these oscillations might be used 
to heat the plasma. 

A paper presented by Mr. J. D. Jukes of the Atomic 
Energy Research Establishment, Harwell, analysed 
a system for extracting electrical energy directly 
from any fusion reactor which uses the principle of 
magnetic confinement. To extract the energy, the 
plasma is taken through a compression cycle by 
varying the confining magnetic field. During the 
compressed state, energy accumulates in the plasma 
due to the burning of the nuclear fuel. When 
expanded the plasma temperature is low so that 
fusion reactions occur infrequently and the plasma 
cools, losing energy by bremsstrahlung radiation. 
In this way, waste heat is removed from the plasma 
and a closed Carnot cycle can be achieved. Since 
the neutrons produced in the fusion reactions are 
unaffected by the magnetic field, only the energy 
released in charged particles can be extracted in this 
way. Mr. Jukes concluded that it should be possible to 
withdraw about one-third of the available energy from 
proposed fusion devices directly as electrical energy. 

Dr. C. M. van Atta of the University of California 
Radiation Laboratory presented a survey of the very 
large American programme in this field which costs 
40 million dollars a year and employs three hundred 
professional staff. A new experiment demonstrating 
the propagation of torsional Alfvén waves through 
plasma was described. To produce the plasma a linear 
discharge carrying a current of 20 k.amp. in an axial 
magnetic field of 10 kilogauss is used. The waves 
are generated by applying an alternating radial 
electric field between one of the electrodes and the 
conducting wall of the tube. The measured velocity 
of propagation increases linearly with the axial 
magnetic field strength and is in close agreement with 
theory if the ion density is assumed to correspond 
to all the gas initially in the tube being ionized. 
This work is being done by Dr. J. Wilcox at the 
Radiation Laboratory, Berkeley. Among _ other 
experiments reported in this paper were hydrodynamic 
stability studies by Dr. 8S. A. Colgate using high cur- 
rent pulses through sodium, and similar studies by 
Dr. H. P. Furth using plasma and a variety of 
magnetic field configurations. 

\n important consideration in the magnetic-mirror 
method of confinement is the accuracy of the assump- 
tion that the magnetic moment of a spiralling charged 
particle is a constant. The principle of mirror 
nfinement is based on this adiabatic invariance, 
and since a confined particle may undergo many 
millions of reflexions from the mirrors during its 
containment, the accuracy required is of a high order. 
Ii experiments by Dr. E. Lauer of Berkeley, posi- 
trons with energies of the order 1 MeV. resulting 
from the $-decay of radioactive neon were shown 
to be contained between magnetic mirrors for 10% 
reflexions. The distance between the mirrors was 
1m. and the Larmor radius of the electrons 6 cm. 

Dr. I. N. Golovin of the Institute of Atomic 
nergy, Moscow, gave an account of research into 
nagnetic-mirror systems in the Soviet Union. He 
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described an experiment on the adiabatic invariance 
of the magnetic moment similar in principle to that 
reported by Dr. van Atta. In this case electrons 
from the radioactive decay of tritium were used and 
confinement for up to 10? reflexions had been demon- 
strated. Work had also been done to find the effect 
of azimuthal asymmetries in the magnetic field on 
the number of reflexions. It was found that until 
the azimuthal variations in the magnetic field strength 
exceeded about 10 per cent there was no effect on 
this containment. The remainder of Dr. Golovin’s 
paper was devoted to a discussion of the work on 
Ogra, the large Russian mirror machine. He stated 
that Ogra was built to study plasma instabilities 
and was designed to produce a hot plasma with a 
density of 10%? ions/cm.* if no instabilities were 
encountered. The principle of injection in this 
machine is that of dissociation of the input beam of 
200-keV. molecular ions through collisions with the 
residual neutral gas in the volume. By balancing the 
favourable process of dissociation against the unfav- 
ourable one of charge exchange, it can be shown that 
a dense plasma will only be formed if the input beam 
current exceeds a certain value, the so-called burn-out 
current. The burn-out current for Ogra was cal- 
culated assuming that the background neutral gas 
density was determined by the ionization of neutral 
gas by fast ions and by the release of neutral gas from 
the walls through the impact of fast particles. A 
figure of the order 200 m.amp. was obtained for the 
formation of a hydrogen plasma. Another assump- 
tion in the calculation was that the path-length of an 
injected molecular ion moving in the magnetic field 
and failing to, make a collision should be not less 
than 10° cm. before it returns to the injector. This 
length depends critically on the magnetic field con- 
figuration and the ion gun alignment, and one of the 
first tasks with the machine will be to optimize these. 
A very low initial pressure is also required and to date 
the lowest value achieved has been ~ 3 «10-§ mm. 
mercury. In view of the size of the vacuum chamber, 
1-5 m. bore and 20 m. long, this represents a con- 
siderable technical achievement. The present ion- 
source gives 150 m.amp. of molecular ions at 100 
keV. Up to the moment only a 30-m.amp. beam of 
ions has been injected into the machine and the burn- 
out condition has not been achieved. Impressive 
photographs were shown of the beam spiralling in the 
magnetic field. 

During question time, Dr. K. W. Allen of the Atomic 
Weapons Research Establishment, Aldermaston, 
raised the subject of the order of magnitude differ- 
ence in the relevant charge exchange cross-sections 
as measured by Fedorenko in the U.S.S.R. and by 
Barnett in the United States. Replying, both Dr. 
van Atta and Dr. Golovin declared their faith in the 
measurements carried out in their respective countries, 
but Dr. van Atta hoped that the work would soon be 
repeated in a third and preferably neutral country. 
Other points raised during discussion periods con- 
cerned the importance of the spectral region 10 A.- 
400 A. for plasma measurements, the power lost by 
synchrotron radiation from the electrons in a mag- 
netically confined plasma and the need for more work 
on surface bombardment effects. 

Finally, Sir George Thomson called for more 
,refined experiments, with purer plasma and more 
homogeneous magnetic fields. He concluded by 
declaring his faith in the ultimate solution of the 
problem of obtaining economic power from fusion 
reactions. R. BICKERTON 
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BRITISH NON-FERROUS METALS RESEARCH ASSOCIATION 


NEW RESEARCH 


N May 13 Sir Alexander Fleck, chairman of 

Imperial Chemical Industries, Ltd., opened a 
new laboratory block for the British Non-Ferrous 
Metals Research Association at Euston Street in 
London. The laboratories have gradually been 
extending on this site since 1930 and now contain 
about 53,000 sq. ft. of floor space and house a staff 
of about 180. They serve the needs for co-operative 
research of practically all branches of the non-ferrous 
metals industry, and the 40-50 research projects in 
progress cover the production, properties and uses 
of the commoner non-ferrous metals, certain aspects 
of the metallurgy of the metals concerned with 
nuclear energy, and metal finishing. 

The new laboratory was made possible by the 

generous response to a building fund on the part of 
the Association’s membership of more than 600 firms 
and of the Department of Scientific and Industrial 
Research, which has treated contributions as grant 
earning. The main features of the new block are a 
much-enlarged foundry, new corrosion and physics 
laboratories and a new electroplating shop. Alter- 
ations to existing buildings have enabled a new creep 
testing laboratory to be built which will allow the 
capacity to be doubled to more than 100 units, the 
rehousing of many different types of fatigue testing 
machines in one room, and the provision of more 
space for the General Metallurgy Section. This, 
among other things, gives the Section more room for 
vacuum apparatus for the determination of gases in 
metals. 

In the foundry, moulds are now made in one well- 
equipped bay and poured in an adjacent melting and 
casting shop. The melting equipment consists of five 
gas-fired lift-out crucible furnaces, a gas-fired bale- 
out furnace for research into die-casting problems, a 
600-Ib. low-frequency induction furnace for studying 
the performance of refractory linings, and also an 
electric resistance furnace and a_ high-frequency 
furnace each capable of melting charges of up to 
20 Ib. of copper or nickel alloys in vacuum or special 
atmospheres. 

From the inception of the laboratories the value 
of physical methods of analysis has been realized and 
the Association’s work in developing spectrographic 
analysis of metals to its present state of efficiency is 
well known. Recently, the X-ray fluorescence method 
of analysis has aroused considerable interest and it 
appears extremely promising for analysing the major 
constituents in alloys and for the analysis of ores 
and slags. Its potentialities are being studied, using 
a spectrometer designed by the Physics Section and 
built in the Association’s workshops. In the Chemistry 
Section emphasis is on the physico-chemical methods 
of analysis, including polarography, spectrophoto- 
metry and the use of the flame spectrophotometer. 

The Physics Section has two X-ray diffraction sets 
and a variety of special-purpose cameras for crystal 
orientation studies, the identification of phases in 
compounds and other tasks. An electron diffraction 
camera is available for studying oxide and other thin 
films on metal surfaces. 


Instrumentation for automatic inspection and 


process control is becoming increasingly important in 


LABORATORIES 


the metal industry, and several studies are being 
made of problems in this field. They include the use 
of eddy currents for rapid inspection of tubes and 
rods for flaws, an investigation into emissivity 
variations of hot metal surfaces which affect the 
performance of radiation pyrometers, and_ the 
development of a novel thermo-electric gauge for 
measuring, non-destructively, the thickness of electro- 
deposits. 

Research on electroplating and allied metal- 
finishing processes is now housed in a large new 
laboratory equipped both for fundamental work and 
for plating on a semi-industrial scale in pilot plating 
lines. Equipment is available for measuring the 
stresses during plating, for measuring cathode 
potentials and throwing power, and for assessing the 
ductility and adhesion of coatings. Exposure tests 
on plated specimens are carried out on the roof of 
the laboratories, but much work has been done on 
accelerated corrosion tests, including one in which 
the parts are exposed to a humid atmosphere con- 
taining traces of sulphur dioxide which simulates in 
a few hours the effects of exposing the parts to a 
city atmosphere for several months. 

Many modern plating solutions contain organic 
additions which affect the smoothness, brightness 
and mechanical properties of the coatings in a 
beneficial way. Exactly how these organic agents do 
this is not known, and typical addition agents pre- 
pared with tracers, such as carbon-14 and sulphur-35, 
are being used to study the mechanism of the 
process. 

In the Corrosion Section one laboratory is em- 
ployed solely for sea-water corrosion studies, the 
current work being concerned mainly with the attack 
on heat-exchanger tubes handling heavily polluted 
estuarine waters in power stations, oil refineries and 
in ships. Some of these tests are at controlled 
potentials to simulate the effects of applied cathodic 
protection. The influence of marine atmospheres 
is assessed by exposure at a site on Hayling Island 
and the laboratory roof site is used mainly for 
inland tests. Stress corrosion tests are carried out 
at both these sites and there is also a special high- 
humidity room for this purpose in the corrosion 
laboratory. 

One of the main uses of non-ferrous metals is the 
handling of supply waters, and the effect of water 
composition on the resistance to corrosion of various 
metals is being studied at field stations and also in 
the laboratories using synthesized waters. 

The General Metallurgy Section, besides carrying 
out the usual metallographic work, heat treatment 
and constitutional studies, contains a metal-working 
shop with a 12-in. rolling mill, a 500-ton press for 
extrusion and forging, a small forging hammer and a 
drawbench. This section of the laboratories is also 
working on the development of titanium, zirconium 
and thorium alloys and has argon-are melting 
equipment appropriate for this type of work. Special 
apparatus which uses an atmosphere of argon 
for carrying out long-term creep tests on these 
reactive metals is housed in the new _ cree) 
laboratory. 
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HIGHER EDUCATION IN EAST AFRICA 


N 1954, a delegation, headed by Dr. (now Sir) 

Eric Ashby, was appointed to assist in planning 
the development of Makerere College, Uganda. In 
addition to indicating the general scope of the 
development which it thought appropriate, the 
delegation also made reference to the broad problem 
of developing higher education in East Africa as a 
whole. Asa result, a working party, under the chair- 
manship of Sir Alexander Carr-Saunders, visited 
East Africa in July 1955, to review in greater detail 
the requirements of higher education. Its findings 
were published in a White Paper!, in which the 
Governments of Kenya, Tanganyika, Uganda and 
Zanzibar fully accepted the desirability of further 
university college development, within the scope of 
a single University of East Africa. 

A second working party, under the leadership of 
Dr. J. F. Lockwood, visited East Africa in July 
1958 to examine proposals for the creation of new 
institutions of higher education, in particular within 
the framework of a University of East Africa. 

Its report?, recently published, contains four 
main recommendations, which are being considered 
by the East African Governments. (1) By re-organ- 
ization and extension, the Royal Technical College 
of East Africa, in Nairobi, should, without delay, 
become a university college of a new type, in which 
academic and professional courses of equal standing 
would have their place with Faculties of Science, 
Arts, Engineering and Special Professional Studies. 
(2) That plans should be formed for the establish- 
ment of an inter-territorial university college in 
Tanganyika at Morogoro, to be opened in 1965-66, 
or as soon thereafter as possible. (3) That a univer- 
sity of East Africa should be created by 1966 and that 
the university colleges then existing, and any which 
may be founded thereafter, should be associated as 
constituent colleges of the university. (4) Since 
the carrying out of these recommendations will 
guarantee adequate provision for higher technological 
and professional training for some years ahead, no 
additional institutions offering facilities for these 
kinds of training should at present be contemplated. 


If these recommendations are accepted the new 
University of East Africa would have as its constitu- 
ent colleges, Makerere College, the Royal College of 
Kast Africa (the reorganized Royal Technical College) 
and the new university college in Tanganyika. 
The report adds: ‘‘The inter-racial character of the 
colleges we take for granted as an indispensable 
element in their fully liberal nature and outlook’’. 
That they should also be wholly inter-territorial was 
likely for many years to be a vital necessity in terms 
both of academic need and of finance. 

It is suggested that since the college in Nairobi 
would begin its career as a university college under 
the same system which now applies to Makerere 
College, students of the reconstructed college would 
work for degrees of the University of London, under 
a scheme of special relationship. The University of 
East Africa, following its foundation, would grant 
its own degrees, for which students of all the colleges 
would read. Since the university college in Tangan- 
yika would probably not begin its teaching until 
after 1966, students of this college would, at the 
outset, read for degrees of the newly established 
university. 

Though realizing that 
the working party stresses that the cost, in terms both 
of capital and recurrent expenditure, will be high, and 
points out that the several Governments will be 
unlikely to be able to meet capital expenditure from 
their own joint resources. ‘““The compulsion of their 
present circumstances will thus force them to lean 
heavily on expectations of generous grants from 
Colonial Development and Welfare funds.” 

The report concludes with the hope that financial 
help will be forthcoming, for the individual colleges, 
from non-official sources, and pays tribute to generous 
gifts, which the Gandhi Memorial Academy Society 
has made to the Royal Technical College. 

; C. MORTIMER 


its proposals are modest, 


1 Higher Education in East Africa. Pp 123. (Entebbe, 1958.) 

2 Report of the Working Party on Higher Education in East Africa, 
July-August 1958. Pp. ii+48. (Nairobi: Government Printer, 
1959.) Sh. 3. 


GLOEOSPORIUM IN APPLE STEM WOUNDS 


f pee contributions on Gloeosporium in apple 
stem wounds have recently appeared (J. Hort. 
Sc?., 32, No. 2, 1959). R.O. Sharples has reported on 
an investigation of the response of apple stems to 
wound infections by the fungus Gloeosporium peren- 
nans. In anatomical studies relating to the establish- 
ment of infections on apple branches he has shown 
that the defensive mechanism of the host includes the 
production of suberized barriers by bark phellogens 
and the blocking of xylem vessels by gum deposition. 
These responses follow wounding, whether or not the 
wounds are inoculated with G. perennans; but the 
presence of the fungus delays the response. Accord- 
ingly the size and form of lesion induced by inocula- 
tion are largely determined by the effect of the fungus 
in postponing the normal wound healing process. 


This effect, and consequently penetration by the 
pathogen, is greatest during the period of host 
dormancy. Invasion occurs most rapidly through 
the sieve-tubes and the vessels and fibres of the 
outer xylem ; the longitudinal intercellular spread of 
hyphe through the cortex is slower. 

Intracellular infection of the pith and medullary 
ray cells occurs in pruning-wound infections. When 
the progress of the infection is arrested, the phellogen 
and cambium lay down barriers of callus tissue 
consisting of parenchymatous outer cells surrounding 
a core of wound wood. After the lesion has been thus 
isolated, the fungus persists as a saprophyte and 
eventually forms acervuli on the exposed dead 
host tissue. A limited spread of infection past the 
suberized barriers occasionally appears to take 
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place by way of the fibre bundles of the inner 
cortex. 

On the same topic, A. T. K. Cooke has observed 
that Gloeosporium inoculations of pruning wounds 
on apple shoots are unlike branch wounds in that the 
cut tips of shoots are more or less susceptible to 
infection throughout the year, and that, although 
the extent of the infection is subject to the same host 
reactions as in lateral branch cankers, the normal 
healing process may be affected by seasonal conditions. 
This emerged in a comparison of the behaviour of 
infected pruning cuts made on shoots at comparable 
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times in successive years. Sporulation on infected 
shoots was found to be greater in November than in 
March infections, beginning in both instances after 
one month. Infections initiated during July first 
spored in December and produced very few conidia. 
Like the branch infections studied during 1953-54, 
the shoot cankers yielded considerable numbers of 
conidia in the warm, wet months of December 1956- 
February 1957. The peak spore collection from the 
shoot cankers was in the June and July following 
inoculation, this being also a peak period for sporula- 
tion on the branch cankers. 
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AIR SURVEYS AND THE SOCIAL SCIENTIST 
By LEO SILBERMAN 


University of Chicago 


XO-OPERATION between the air survey team 

Aon one hand, and economists and _ social 
surveyors on the other, is likely to be greatly extended 
in the near future. During the War photo-interpreters 
had to get along without systematic ground checks, 
and the relative rarity of combined studies of area 
sample surveys using questionnaires and air photo- 
graphic coverage must be ascribed to a legacy from 
war-time. 

The advantages of combined operations are dis- 
tributed equally between photogrammetrist and social 
student. To the uses already made of air photo- 
graphy, the insights of the social scientists capable of 
interpolating more social and economic intormation 
from the records add further facts to those already 
known. To the questionnaire survey the air photo- 
graph gives a much greater generality. The samples 
ean be extrapolated by multiplying the data for each 
typical unit by the total of this stratum found on the 
photographs. This will provide an _ up-to-date 
sampling frame which in under-developed countries 
(though not only there) is usually lacking!. By 
defining unambiguously the strata of which a regional 
population is composed, facilitating greater control, 
and allowing the ground surveyor to dispense with a 
large, often ill-educated and sketchily supervised 
staff, a better and speedier report can be furnished ; 
this is often of great ‘political’ importance to the 
client. The time factor is sometimes crucial. 

Photogrammetrist and sociogrammetrist in such a 
combined survey make their decisions together on the 
most practical scale of photography ; the size of the 
ground sample that will give confidence in the 
statistical estimates ; and the planning uses to which 
the results can be put. Quantitative information is 
only part of the expected findings: attention is 
often focused on the use made of space and the 
configuration of a neighbourhood. However, social 
statistics will always cover a wide field, ranging from 
the count of slum properties to evidence of the spread 
of sleeping sickness. 

Air censuses taken of nomads in Palestine in the 
days of the British mandate and the censuses of 
Liberia and of Columbia both taken from the air are 
quantitative assessments of this kind. Land-use 
studies in Malaya, making good use of the expensive 
photographs taken during the anti-terrorist cam- 
paigns and supplemented by family budget studies 
in that country, can be mapped so that hypotheses 
can be tested with the use of overlays. A real 
property inventory is essential to a sociogrammetric 


survey but the use of such a survey in national ard 
regional income investigations and capital growth and 
change studies is still to be fully appreciated. 

Regional comparisons are particularly important 
where there are jealousies between areas, and each 
claims self (that is, locally based) government, as 
in a number of West African countries, irrespective 
of whether it is economically feasible. By giving the 
discussion some underpinning of fact the scales might 
conceivably be tipped towards a rational economic 
solution. By comparisons between cognate regions 
we can appraise to what extent, with like endowments, 
policy or location has made labour and capital more 
productive. Is it a nearby market, or education, or 
a longer period of peace that explains differential 
incomes of similar regions ? The analyst will not only 
wish to discover, as in the Gambia study of the 
Directorate of Oversea Geological Surveys, whether 
more rice is grown (a matter of political importance 
and controversy) but also why more rice is grown. The 
term ‘survey’ implies study before planning. A 
country like Ceylon taking a measure of its real 
resources, a project of the Colombo Plan, will also 
need to find out about its man-power, both quantita- 
tively and, by the style of houses and state of agricul- 
ture, qualitatively®. The Sudan not only wants to 
know where irrigation is technically feasible but also 
where there are Sudanese willing to take advantage 
of the arable land. The country cannot absorb a 
limitless influx of foreigners from the west and 
north without creating a security problem. 

Once a clear picture emerges how an area works, 
the siting of a technical college or a new village 
becomes clear. In built-up areas of rapid expansion 
public utility companies will want to know where 
and how the towns are spreading, so that offices can 
be strategically located, space reserved, and telephone 
lines not be intersected by other services above and 
below ground*. The ground survey establishes to 
what extent houses are being subdivided and branch 
or independent line subscribers being added. The 
state of the yards and many other things will tell us 
whether the area is improving or deteriorating. In 
each area contrary influences are at work, each 
seeking dominance, as they spread from the various 
centres, and the racial strife of so many cities shows 
what bad neighbours peoples of different antecedents 
and standards of living make‘. 

‘Ecological statistics’ can give in figures the area 
‘profiles’, for air photographs do not speak to every- 
one equally eloquently, just as maps and tables are 











at 
ni 


di 


184 


fected 
han in 
s after 
y first 
onidia. 
53-54, 
ers of 
1956- 
m the 
lowing 
y0rula- 


al ard 
th and 


ortant 
1 each 
nt, as 
ective 
ng the 
might 
momic 
‘egions 
ments, 
1 more 
ion, or 
rent ial 
ot only 
of the 
hether 
rtance 
n. The 
g. A 
ss real 
ll also 
antita- 
gricul- 
nts to 
it also 
antage 
sorb a 
t and 


works, 
villave 
ansion 
where 
es Can 
phone 
ve and 
hes to 
branch 
. The 
tell us 
g. In 
, each 
‘arious 
shows 


edents 


e area 
every- 
les are 














July 25, 1959 


No. 4682 


permanent mysteries to some, unable to learn the 
conventions of each idiom or keep standard compari- 
sons in their heads. The aggregation of many individ- 
ual values into composite, ecological statistics offers no 
problem to modern computing devices, which also are 
capable of mapping electronically information fed into 
thein by some scanning apparatus in an aeroplane. 

\irborne radar, duplicated perhaps with magneto- 
meters and gravitometers, adds to the sensitivity and 
completeness of the record. Not only images but also 
radio waves, power points and carbon dioxide can be 
‘photographed’. Infra-red photography picks up 
besides the aeroplane on the airfield the heat of the 
runway and thus the number of planes recently 
started. The emphasis in modern photogrammetry 
has thus shifted from the static physical condition 
to the recordable human transactions. 

In brief, there are three chief ways in which such 
a survey can be used : 

(1) To supply general social and economic statistics 
sucli as the presence and growth of industry, 
agriculture, house building, road improvements, 
conservation and productivity, cross-checked with 
ground social surveys and nationally or regionally 
collected annual or census statistics. 
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(2) The planning of policy and of improvements 
and services is based on these surveys. A deft 
handling of photographic material should be combined 
with opinion studies and other studies on the ground, 
such as traffic and migration counts done by mechani- 
cal or human agents. 

(3) The evaluation of policy, that is, the effective- 
ness of any constructive activity. This will probably 
be done increasingly as part of ordinary photo- 
grammetric work with the help of someone competent 
in statistics and sociology and with a knowledge of 
the particular part of the world that is to be studied. 
At a later stage, perhaps, when many different studies 
have been accumulated and compared, the skilled 
social interpreter may also be able to make useful 
deductions from a study of the photographs unaided 
by ground studies. 


1 Silberman, L., Zatre, 68 (1955). 

2“The Significance of the Canadian-Colombo Plan to the Economic 
Development of Ceylon” (Hunting Technical Services) (Toronto, 
1958). 

§ Chicago Aerial Industries have recently done such studies for a tele- 
phone and a gas company. Mimeographed reports (1959). 

* Green, N. E.,and Monier, R. B., ‘‘Reliability and Validity of Aerial 
Reconnaissance as a Collection Method for Urban Demographic 
and Sociological Information’ (Maxwell Air Force Base, 1953). 

* Duncan, O. T., Population Studies, 27 (1957). 


EMISSION OF RELATIVELY HIGH-ENERGY IONS FROM 
LOW-VOLTAGE ARCS 


By E. R. HARRISON 


Atomic Energy Research Establishment, Harwell, Berks 


‘OME interesting effects have been observed with 
S low-voltage ares for which so far no completely 
satisfactory explanations have been found. The 
principal effect observed is the emission of luminous 
ravs consisting of ions of the cathode material at 
much greater than the total potential 
difference across the arc. 

In the experiments described below, the arc is 
formed between a tungsten, molybdenum or tantalum 
filament, which is separately heated, and a nickel 
anode at a distance of about 5 cm., and is maintained 
ina rare gas, usually argon, at a pressure of 1-50 mm. 
mereury. The applied potential difference is 40- 
80 V. and the current is 200-500 m.amp. The are 
is thermally constricted or ‘pinched’ to a diameter of 
ipproximately 5 mm. In ares of this kind! the 
electrons, ions and gas molecules are in an approximate 
thermal equilibrium at a temperature generally 
of the order of 104 °C. The ionization potentials of 
tunzsten, molybdenum and tantalum are lower than 
the excitation potentials of the rare gases and in the 
present experiments the ares therefore tend to con- 
sist of ions formed from metal volatilized from the 
cathode®, Spectroscopic analysis of the are reveals 
strong W II and W I (Mo II and Mo If) lines but only 
a few faint argon lines. 

The first effect observed is that tungsten is deposited 
it ihe point where the are makes contact with a cool 
nickel anode. This deposition occurs even when 
the anode is screened from any material evaporated 
directly from the hot cathode. The rate of deposition 
on the anode, as determined by activation analyses, is 
typically 3 x 10-* gm./sec.-! amp.-1, equivalent to 
a tungsten ion current of 1-5 m.amp. in an arc of 
lamp. It appears that in hot cathode — cool anode 
ares of this type there is an efficient mechanism for 


energies 


transporting positive ions from the cathode to the 
anode against the electric field. It is evident that 
such a transport mechanism is required if the ions 
in the are are formed originally from volatilized 
cathode material in the immediate vicinity of the 
cathode. 

A second effect is observed when the arc is con- 
stricted by a small aperture of 3-1 mm. diameter in 
a nickel diaphragm placed between the cathode and 
anode, as shown in Fig. 1. The cathode is now about 
5 em. from the aperture diaphragm, and the anode is 
about 10-20 em., or preferentially, the anode has a 
coaxial aperture of 2-3 mm. diameter and is spaced 
about 5 mm. from the first aperture, as is shown in 
Fig. 1. On the anode side of the apparatus the 
pressure is maintained within the range of 10>! to 
10-3 mm. mercury. As a result of the constriction, 
impressive luminous white rays are observed pro- 
jecting from the centre of the small aperture into the 
low-pressure region. Occasionally, the rays form a 
uniform diverging beam, as in Fig. 2, but more often 
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Positive tungsten ion rays of approximately 450 eV. 
accelerated by an argon arc of 250 m.amp. and 80 V. 


Fig. 2. 


the beam is divided into several individual rays of 
small diameter which flicker and move in synchronism 
with the instability motion of the are. Spectroscopic 
analysis of the deposit formed by the rays incident 
on a receiving target shows that the rays consist of 
tungsten atoms. On changing the cathode material 
to molybdenum, the deposit formed by the rays is 
found to consist only of molybdenum, but the 
luminosity of the rays is unaltered and their colour 
only very slightly affected. 

Electrostatic and magnetic deflexion experiments 
establish the surprising fact that the rays are positively 
charged and have energies greater than the potential 
difference across the arc. The accelerated ions are 
reasonably monoenergetic and have an energy in the 
range 100-750 eV., depending on the conditions of 
the are. With an aperture reduced to } mm. diameter 
and a pressure of 80 mm. mercury in the are, tungsten 
ion rays with energies greater than 1,000 eV. have 
been observed with a potential difference of only 
60 V. across an are of 500 m.amp. Rays may also be 
observed when the pressure is as low as 1 mm. 
mercury ; in this case the are develops only in a 
limited region adjacent to the aperture in a form 
reminiscent of a ‘ball of fire’*. The rays are not so 
easy to produce when the supporting gas is either 
helium or neon, possibly because the are currents in 
these experiments are limited to relatively small 
values. With krypton and xenon the rays are pro- 
duced as readily as in the case of argon. 

Difficulty is encountered when attempts are made to 
measure electrically the current in the tungsten ion 
rays, not only because of secondary electrons but 
also because there is apparently an electron flux 
which is not easily eliminated. Activation analyses 
of deposits formed by the rays incident on a target 
show that in a typical case there is a total flux of 
0-4 10-§ gm./sec.~! amp.~? equivalent to 0-2 m.amp. 
in an are of 1 amp. This is consistent with the fact 
that a large fraction of the tungsten migrating towards 
the anode is deposited around the aperture. More 
intense fluxes, up to 1 m.amp. per ampere of arc 
current, can be achieved .by applying an alternating 
potential difference of 20-50 V. between the cathode 
and an enclosing cylindrical electrode. The flux and 
luminous intensities do not appear to be critically 
dependent upon the frequency in the range 104 to 107 
c./s., and it is possible that the increase in intensity 
is due to the enhanced fluctuation movements induced 
in the arc. 

Potential fluctuations of up to 20 V. of the electrodes 
and movable probes have frequencies of 104105 c./s. 
with a wide spectrum of ‘hash’ superimposed. The 
fluctuations in luminosity of the rays as detected 
by a photomultiplier are similar to those of the are 
and reveal frequencies in the same range as the 
potential variations. The emission spectrum of the 
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rays is predominantly WII, or in the case of a 
molybdenum cathode, Mo IT. 

A third effect observed is that the rays frequently 
show a pronounced variation in intensity of lumin- 
osity along their length. Thus, if the rays are pro- 
jected into a region of low pressure of 10-? mm. 
mercury, in a typical case all rays are bright for the 
first 2-5 em.; the luminosity then becomes faint 
for about 0-5 em., and then abruptly increases in 
intensity and thereafter diminishes slowly up to 
distances as great as 30 cm. 

A completely satisfactory explanation has not been 
found for all the effects described. The luminosity of 
the rays is most probably due to charge exchange 
between the tungsten (molybdenum or tantalum) 
ions and the supporting gas; the abrupt variations 
in the luminosity, however, are not understood. The 
mechanism responsible for producing the positive 
anode rays is most probably associated in some way 
with the transport of ions in the are from the cathode 
to the anode. The oscillatory or ‘hashy’ nature of the 
are may be an essential self-sustaining feature’. 
Thus, sound waves will be propagated with a phase 


velocity of (ykT'/m)'/*, where m is the mass of the atoms | 


of the supporting gas, and one possibility is that the 
electric fields produced by the separation of the 
electrons and ions are sufficiently large to cause a 
fraction of the ions to move with a drift velocity of 
approximately (eA#sing/m)!/? in phase with the sound 
waves, where A is their mean free path, £ is the oscil- 
latory electric field, and o is the phase angle. 
Experiments designed to detect the propagation of 
signals along the arc at the phase velocity of sound 
have not been entirely successful, and the evidence is 
meagre and unconvincing. Possibly the arc is ina 
turbulent state, and generates and propagates sound 
waves only over small distances. 

If disturbances of approximately 1 mm. wave- 
length are propagated in the arc, the potential fluctua- 
tions suggest that the associated electric fields are of 
the order of 400 V.cm.-!. In the region of the con- 
striction the oscillatory electric field might be 
expected to increase inversely as the diameter of the 
are, giving a value of 6 x 10° V.cm.-? if allowance 
is made for the fact that the are is smaller than the 
constricting aperture. It is therefore possible that 
the ions gain their energy of several hundred electron 
volts from the oscillatory electric fields in the con- 
stricted region of the are. 

Energetic ions of several hundred electron volts 
have been observed elsewhere’ in high-current, low- 
pressure ares in magnetic fields used in the DCX experi- 
ments. However, the are conditions are considerably 
different and the accelerating mechanism is not necess- 
arily of the same kind as that proposed above. 

Acknowledgments are made to Mr. J. D. Lawson. 
Prof. A. von Engels, Dr. P. C. Thonemann and 
Dr. 8S. A. Ramsden for their suggestions and interest, 
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and to Mr. F. T. Birks for the spectroscopic analyses 
of the ray deposits. 
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Composition of Teichoic Acids from 
a Number of Bacterial Walls 
NVESTIGATIONS on the function of the nucleo- 
tides cytidine diphosphate glycerol! and cytidine 
diphosphate ribitol? led to the discovery of a new 
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/ 30 per cent of the wall in some cases. 
| the restricted nomenclature originally adopted must 


group of natural polymers, the teichoic acids, in the 
walls of certain bacteria*. In Bacillus subtilis the 
teichoic acid is .of the type shown in formula (1), 
whereas that in Staphylococcus aureus has the related 
structure (2), in which the sugar component is 
glucosamine. That from Lactobacillus arabinosus is 
of the type (1), but some of the ribitol residues bear 
two glucosyl substituents, whereas others are un- 
substituted by glucose. A more detailed discussion 
of their structure and relationship with cytidine 
diphosphate ribitol has been given elsewhere‘. 


{alanyl-glucosyl-ribitol 
! 
| 
O—P—OH 
ysis 
QQ) 
{alanyl-N-acetylglucosaminyl-ribitol 


| 
O=P 


OH 
| “t 
(2) 
{alanylglycerol 
O=P—OH 
1 dn 
(3) 


We had intended to confine the term ‘teichoic acid’ 
to those polymers of ribitol phosphate of the general 
structure (1) or (2) found in bacterial walls. A more 
extended survey of other organisms (see Table 1) has 
shown that some bacteria contain a new type of 
teichoic acid in which ribitol has been replaced by 
glycerol. Preliminary studies on the hydrolysis of 
these glycerol derivatives by acids, or by alkali 
followed by prostate phosphatase, show that they 
have the structure (3). Visual chromatographic 
estimation indicates that they represent more than 
Consequently, 


now be modified to include all polymers of the types 
(1), (2) and (3). 

The polyol phosphate derivatives in walls of L. 
arabinosus and B. subtilis are clearly ribitol-teichoic 
acids of the type (1), and no trace of a glycerophos- 
phate polymer has been detected in these walls. 
All strains of Staph. aureus examined so far contain a 
tibitol-teichoic acid (2); but these walls also contain 
either traces, or in one case a considerable amount, 
of a glycerophosphate polymer. Similarly, walls of 
Streptococcus faecalis contain a ribitol teichoic acid 
of the type (1) and a glycerophosphate polymer. 
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It is interesting that L. casei, L. delbriickii, L. 
bulgaricus, Staph. albus, and Staph. citreus, unlike 
the other lactobacilli and staphylococci examined so 
far, contain glycerol-teichoic acid but no trace of a 
ribitol-teichoic acid. The compound from Staph. 
albus and Staph. citreus was present in their walls ; 
but preparations from whole cells were used for the 
work on the three lactobacilli and it is not known 
whether the teichoic acid in these preparations origin- 
ated from the walls. The compound from L. case 
is of the type (3) in which alanine is attached to a 
polymer of glycerophosphate. The amount of hexose 
in preparations of this material is very small and we 
have been unable to demonstrate any glycosylglycerol 
linkages. It seems likely that all the glycerol— 
teichoic acids in the bacteria listed will be of type 
(3); but the presence of glycosyl residues is still 
possible in some cases. 

In addition to the organisms discussed here, a 
number of others yielded small amounts of glycero- 
phosphate on acid hydrolysis of their walls. There is 
evidence that polyols other than ribitol and glycerol 
are present together with these in teichoic acid pre- 
parations from some organisms, and sugars other 
than glucose or glucosamine may occur. 

Extracts prepared from whole cells of all organisms 
examined contained a glycerophosphate polymer, 
even when no such polymer was present in the 
isolated walls. It is not known whether this is a 
teichoic acid of type (3) which has been lost from 
the walls during their preparation or whether it is 
associaied with other cell structures. 

In contrast to the variations in polyol and sugar, 
the only amino-acid found in purified preparations 
of teichoic acid is alanine. This amino-acid isolated 
from teichoic acid from L. arabinosus and Staph. 
aureus has the D-configuration®. It was shown earlier 
that the alanyl residues are in ester linkage and it is 
now found that the lability of these residues (half-life 
5 min. at 37°, pH 7-2, 1:1 hydroxylamine) in 
neutral salt-free hydroxylamine solution is comparable 
to that of amino-acids bound to ribonucleic acid 
(half-life 3 min. at 30°, pH 7-2, 0-8 M hydroxyla- 
mine)*. The alanine ester linkages are therefore 
much more reactive than normal amino-acid esters 
which do not react significantly with hydroxylamine 
under comparable conditions’. 


Table 1 





Type of polymer 


Ribitol | 





Glycerol 





Lactobacillus arabinosus 17-5 
L. casei (A.T.C. 7469) + 
L. delbriickit (N.C.1.B. 8608) + 
L. bulgaricus (N.C.1.B. 76) - 
Staphylococcus aureus H 
Staph. aureus (Duncan) 
Staph. aureus (Oxford) . 
Staph. citreus 
~ Staph. albus (N.C.T.C. 7944) - 
Bacillus subtilis (vegetative form) _ 
Escherichia coli (Type B) 
Corynebacterium xerosis a - 
Streptococcus faecalis (A.T.C. 9790) - 
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D-alanine has been demonstrated as a character 
istic component of a number of bacterial walls*-!°, 
Snoll, Radin and Ikawa*® showed that in Strep. 
faecalis about 40 per cent of the D-alanine of the walls 
can be extracted with hot trichloroacetic acid in a 
bound form which is described as “especially labile 
to alkaline hydrolysis”. The similarity in properties 
and of extraction of this material and of 
teichoiec acid suggests that these authors had obtained 


method 


preparations containing teichoic acid. 

Tho unifying feature in all teichoie acids is the 
If we confine this 
nomenclature to polymers of types (1), (2) and (3) 
containing such linkages, they are thus distinet from 
glycerophosphate propared from 
bacterial and although it is 
possible that the latter have originated from teichoic 
acids by loss of alanine groups during isolation. 

We thank Drs. M. R. J. Salton, G. D. Shockman, 
Ik. BP. Abraham DD. It. Hughes for samplos of 
bacterial walls and for advice on their preparation. 
This work was supported by grants from the Medical 


presence of alanine ester linkages. 


simple polymers 


walls mombranes!!, 


and 


Research Council, the Nufliold Foundation and the 
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Structure of Teichoic Acid from the 
Walls of Bacillus subtilis 
Tur walls of Bacillus larve 
amount (about 50 per cent of their dry weight) of a 
teichoic acid® in which alanyl glucosyl ribitol residues 


subtilis contain a 


are joined together through phosphate groups to 
hac that 
each ribitol residue bears one glucosyl substituent 
and one alanine group in ester linkago with either a 
suyar- or ribitol-hydroxyl group. Reeent findings 
indicate that the alanyl residucs have the D-configura 
tion in teichoie acid: from Staphylococens aureus and 


form a polymer. Previous work shown 


Lactobacillus arabinosus®, and it is possible that the 
compound from 23, subtilis will be a D-alanine deriva 
tive, 

Hydrolysis of the teichoic acid from this organism 
with alkali and then prostate phosphomonoesterase 
gave a single glucosylribitol, but the scale of opora 
tions was small and this compound was not isolated*. 
Krom a larger-scalo experiment crystalline glucosy! 
ribitol has been obtained in high yield, m.p. 137 
138°, [alp 28-6° (c, O-L in water) (found: C, 
41-8; H, 7-6. C,,H..0,9 requires C, 42-0; H, 7:1 
per cont). It seemed unlikely that the glucose was 
attachod at the terminal 1(5)-position of the ribitol, 
since periodate oxidation, followed by reduction of 
products with sodium borohydride and then acid 
hydrolysis'*, gave glycerol but no othylene 
Moroover, if the glucosyl residue 
was attached to position 3 in ribitol the 
compound should give a yellow colour on 


ply col. 


papor chromatograms sprayod, with the 
poriodate-Schiff for 
Tho glucosylribitol gave the normal purple 
this tost, indicating the 


HO.H,C 
| 


roagonts glycols'. 
| 


\ OH 


colour in thus 


absence of the glucose at the 3-position. 

Tho structure 4-6-p-glucopyranosyl-p 
ribitol (4) was ostablished by periodate 
oxidation. It 


consumed 4 mol. of 
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periodate and gave Lo mol. of formaldehyde and 
2 mol. of formic acid; it follows that the glucosy] 
substituent must occupy the 2- or 4-position on the 
ribitol. The compound was readily hydrolysed to 
glucose and ribitol by a -glucosidase, and its specific 
rotation agrees well with those reported for (-) 
glucosides. 

The trialdehyde formed by 
contains two glyceraldehyde residues, one originat ing 
from the glucose and the other from the ribitol. That 
from the must have the D-configuration, 
whereas that from the ribitol would have the D-con 
figuration if the ghicosyl substituent were originally 
at the 4-position on the ribitol, or the L-configuration 
if the glucosyl substituent were originally at the 
Consequently, the structure (5), arising 
from (4), would be 
optically active, whereas the isomeric structure from 
2-6-D-glucopyranosyl-D-ribitol would) be a 


periodate oxidation 


ylucose 


2-position, 


4-8-D-glucopyranosyl-D-ribitol 


THESO 
compound. 

Tho periodate-oxidation mixture exhibited a low 
positive rotation after romoval of ions, even) when 
kept for several hours under acidic conditions at room 
temperature. Lt was possible, however, that cyclic 
acetal formation in the trialdehyde might invalidate 
conclusions configuration, 
quently, the aldehyde was oxidized with bromine to 
the tricarboxylic — acid. Without 
isolation this was hydrolysed with acid, and the result 


on its” steric Conse- 


corresponding 


ing glyceric acid was examined polarimetrically a 
its ammonium salt in the presence of molybdate tons" 
A positive rotation was observed oven from the small 
amount (32°3 mgm.) of glucosylribitol used in these 
experiments, It follows that the trialdehyde has the 
structure (5), and hence the structure (4) 
lished for the original glucosylribitol. 

It is interesting that teichoic acids from different 


is estab 


organisms may vary in the configuration of their 
glycosyl residues. The teichoie acid from Lacto 
bacillus arabinosus*, and the monoglucosylribitol 


2 


obtained from it, are unaffected by 6 
have the specific rotations expected from «-glucosi 
R. Archibald). 
3. 


condition to 


glucosidase and 


(experiments with Dr. A. 

A sample of 
treated with 
romove the alanine residues, and the product 
oxidized for 24 hr. with periodate. Not more than a 
trace of anhydroribitol, and no ribitol derivatives, 
were detected in an acid-hydrolysate of the oxidation 


from subtilis wa 


acid 
under 


terchore 
ELINOR 
Wil 


mixture, thus indicating the presence of unsubstituted 
vlycol groups in the ribitol residues. Tt follows that 
the linkages 


positions I and 5 or 3 and 5 on the 4-glucosylribitol 


phosphodiester must be situated at 
units. 

The teichoie acid in this organism almost certainly 
originates from cytidine diphosphate ribitol®. Thi 
nucleotide contains a b-ribitol 5-phosphate residu: 
transferred intact into the 


which is) apparently 


polymer, 


CH,.OH HO.H,C- | -CHO 


| 
OH OH HO.H,C 
| 


O O 


4 


OHC 


| f 
OHC 

OH 

(5) 
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phosphates were identified chromatographically'*. 
lt noteworthy that the enantiomorphs, ribitol 
- und 4-phosphates, indistinguishable 
rom the L- and 2-phosphates on paper chromato 
grams, but nevertheless could not have been formed 
by the action of alkali on a polymer of 4-glucosyl- 
ibitol 5-phosphate. As no trace of the readily identifi 
ible ribitol 3-phosphate was detected among the 
products it follows that the phosphodiester linkages 


would be 


are at positions Land 5 in the polymer (6). 

Tho strueture (6) for this teichoie acid was con- 
firmed by removal of alanyl residues with ammonia, 
purification of the resulting polymer by passage of 
the 


olution through a column of ‘Dowex-50° resin, 
oxidation with periodate. For every 3 
f periodate consumed, less than 0-2 mol. of formalde 
hyde was produced, thus indicating the 


wmplote absence of unsubstituted 1,2-(or 4,5-) glycol 


mol, 


almost 


J' ST down the seminiferous 
J tubulos of the rat and various other mammals, 
they each cast off a small mass of material to which 


“residual body”. We have 


before sperms pass 


lute of residual bodies with the view of determining 
thoir function. Modern histochemical and cytological 
techniques and both light and electron microscopy 
have been employed. 


Light Microscope Observations 
lividence was obtained first which strongly sug- 
vested that rosidual bodios are of composite origin 
and structure. ‘To clarify this problom, composite 
tiining techniques of the kind described by Lacy# 
were utilized, Tissue was fixed according to the 
chedulo given by Baker® and embedded in gelatine. 
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OH OH groups in the ribitol residues, 
...O.H,C -CH,.0.P.0.H,C-———| cH,.o.P The formaldehyde liberated 
< | | : | | 2 aye in this experiment presum- 
QO OH OH so ”~ © of of oO ably originated in a terminal 
HO.H.C HO.H.C ribitol residue ; but molecular 
oO oO weight estimations based on 
the wmount of formaldehyde 
produced may not be re- 
\, OH 4 \ OH F liable 
Oe ema 3 ade ee The presence of a trace of 
OH OH ribitel in a dephosphorylated 
alkali-hydrolysate of this tei- 
choice acid suggests that a 
very small proportion of the 
CH,.CH.CO. CH,.CH.CO, ribitol residues in the polymer 
hae hei: lacks the glucosyl substi- 
, ‘ tuont. The location of such 
ds residues, and tho location of 
the highly reactive alanine 
\lkaline hydrolysis of the teichoic acid occurred oster groups, are not yet known. 
readily and completely, giving a mixture of mono- ; J. J. AnMstrona 
phosphates of glucosylribitol ; only traces of diphos- J. BADDILEY 
phat and no phosphodiesters, were detected J. G. BucHanan 
anony the products. All the glucose was released ss 
from this mixture by a #B-glucosidase, the other FS. ONatlonal Science souhaktlon Mallow. 
products being ribitol 1- and 2-phosphates ; these * Baddiley, J., Buchanan, J. G., Mathias, A. P., and Sanderson, A. R., 
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RESIDUAL BODIES OF SEMINIFEROUS TUBULES OF THE RAT 
By B. V. KINGSLEY SMITH and Dr. D. LACY 


Department of Zoology and Comparative Anatomy, St. Bartholomew's Hospital Medical College, 
University of London 


Sections 8 thick were affixed to golatinizod slides, 
and (@) impregnated with silver to show mitochon 
dria’, (6) coloured with sudan black B to show 
lipids, and (c) stained with pyronin-mothyl groon* to 
demonstrate basophilic material. ‘Tho silver tech- 
niquo also rovewlod the Golgi remnant. 

Within spermatids which had started to elongate 
wo observed mitochondria, small lipoidal bodios, vers 
fino basophilic granules and Golgi remnant. In older 
spormatids, with thoir elongate nuclei lying near the 
tubule lumen, we observed scattered mitochondria 
(distinct from those forming tho mid-piece). Also 
prosont wore lipoidal bodies gonerally of larger sizo 
than soon in younger spermatids, and aggrogating to 
form mulberry-shapod clusters. Basophilic granulos, 
loss numorous but larger than in younger spermatids, 


and Golgi romnant, also occurred. At a later stage 
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to above consists of, or contains, 
ribonucleic acid. The _ lipoidal 
bodies which occur within sperma- 
tid cytoplasm, and form part of the 
residual bodies, do not respond 
positively to Baker’s® acid hematin 
test for phospholipins nor _ to 
Schultz’s® test for cholesterol. The 
same negative responses for }oth 
tests are also given by the lipoidal 
bodies within Sertoli cells. 


Electron Microscope 
Observations 
Tissue was fixed in 1 per cent 
osmium tetroxide buffered to pH 


" ¢ 


7:37. It was then embedded in a 


Fig. 1. Micrograph showing a late stage in the formation of a residual body. _ E, endo- ie ie : . hae’ 
plasmic reticulum; ZL, lipoidal body; M, mitochondrion; RNA, aggregate of particles 1:3 mixture of n-met ry] and 


containing ribonucleic acid. (x c¢. 7,300) 
in spermatid development all the above-mentioned 
inclusions had concentrated within a small lobe of 
cytoplasm near the base of the nucleus. Just before 
the mature spermatid is shed, this lobe of cytoplasm 
is cast off and becomes spheroidal in shape. The 
spheroidal bodies which arise in this way clearly 
correspond to the residual bodies of Regaud. Each 
residual body is bounded by a membrane derived 
from the cell membrane of the corresponding mature 
spermatid. Within, and close to, the limiting mem- 
brane lie two or three small groups of granular 
mitochondria, several lipoidal bodies (sometimes 
arranged in crescent fashion) and Golgi remnant. 
The greater part of each residual body is occupied 
by a comparatively large, eccentrically placed mass 
of strongly basophilic material. 

Soon after the sperms have been shed the residual 
bodies migrate peripherally. As precisely as could be 
determined by light microscopy, this appeared to be 
due to phagocytosis by Sertoli cells. Afterwards, 
the residual bodies come to lie close to Sertoli nuclei 
at the border of the tubule. 

Changes occur within the residual bodies both 
during their peripheral migration and while they are 
at the periphery of the tubule. The first sign of these 
changes is the appearance of minute vesicles about 
0-3u in diameter which form along the edges of the 
basophilic material. During their movement towards 
the periphery the residual bodies become reduced in 
size, their diameter decreasing from about 10u to 5y. 
Finally, there is a loss in basophilia and then all that 
can be seen is the limiting mem- 


brane, some mitochondria and 
lipoidal bodies, and the Golgi 
remnant. After this stage it is 


impossible to identify the residual 
bodies with any certainty. How- 
ever, accompanying and following 
upon the ‘end’ stage, lipoidal bodies 


of about the same size as the 
residual bodies, and in the same 


general location, appear within the 
Sertoli cells. We have studied the 
residual bodies at this time to see 
if they become converted into the 
lipoidal bodies described above. 
What may be transitional stages 


have, in fact, been observed, but 
only very rarely. 

Histochemical tests have shown 
that the basophilic material referred 


Fig. 2. Micrograph showing residual bodies within Sertoli cells at the border of a tubule. 


Some of the residual bodies (RB) are comparatively intact. é i 
absorbed and appear irregular in shape (RB’). P, primary spermatocyte: S, Sertoli 


n-butyl methacrylate, sectioned 
with a glass knife and examined ina 
Siemen’s Elmiskop Ia. Due to the comparatively 
small size of the residual bodies and the fact that 
they occur only under certain physiological con- 
ditions a great deal of material has had to be 
examined to find even the more important stages 
referred to above. 
Observations made by electron microscopy are in 
accord with those made by light microscopy. In 
addition, finer details have been seen. During late 


formative stages (Fig. 1) the mitochondria are 
irregular in shape and characteristically cluster 


around a local concentration of endoplasmic reti- 
culum. Adjacent to these elements is a group of 
osmiophilic granules which correspond to the lipoidal 
bodies seen under the light microscope. The Golgi 
remnant consists of a few paired membranes in 
parallel arrangement and aggregates of many small 
vesicles enclosed by two or more membranes. Near 
the inclusions just described occur one or two 
particulate masses, spheroidal in general outline and 
corresponding to the ribonucleic acid granules seen 
by light microscopy. At a later stage in the formation 
of the residual bodies the mitochondria are either 
greatly elongated and constricted in the middle (as 
though in a process of division) or are small, dense 
and spheroidal. The endoplasmic reticulum appears 
to consist of membranes delimiting vacuoles of 


various sizes. The basophilic material consists of one 
large mass of fine particles. 

Studies by electron microscopy have confirmed 
quite definitely that the residual bodies are phago- 
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Ss; cytosed by the Sertoli cells. Within any one Sertoli 
al cell, even in ultra-thin sections, we have observed up 
&-— to six residual bodies. Each residual body is enclosed 
hef by a variable number (1-4) of fine membranes. 
1d} When the body reaches the edge of the tubule the 
MF limiting membranes are no longer continuous. 
tof Residual bodies at the periphery contain the same 
he basic constituents as those seen in the last stages of 
thf their formation in the tubule lumena. Later, the baso- 
lal philic material and various other components are 
absorbed until all that remains is an irregular-shaped 
body which is intensely osmiophilic and presumably 
lipoidal (Fig. 2). About this time a peripheral ring 
of lipid can be demonstrated in Sertoli cells by the 
nt} use of appropriate light microscopical techniques. 

)H When the residual bodies come to lie close to the 
a} Sertoli nuclei (adjacent to the tubule tissue) changes 
ndP oceur both within the Sertoli cytoplasm and in germ 
ed> cells. Within the Sertoli cells appears the peripheral 
1a ring of lipid mentioned above. Mitochondria either 
‘lyf increase in number or become concentrated peri- 
at 
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pherally. The cytoplasmic matrix (as seen under the 
electron microscope) becomes very dense. The young 
spermatids start to elongate and become more deeply 
enclosed by Sertoli cytoplasm. There is an increase 
in chromatin content of the nuclei of type B spermato- 
gonia. It is possible that the residual bodies produce 
in the Sertoli cells some influence that may serve to 
trigger off the changes in the germ cells as reported 
above. The residual bodies would then be responsible 
for the local control of spermatogenesis. This is now 
being investigated further. 

We are grateful to the Wellcome Trust for a grant 
to purchase an electron microscope and to St. 
Bartholomew’s Hospital and Medical College for 
further financial help. 
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7 Palade, G. E., J. Exp. Med., 95, 285 (1952). 


m- 

be 

res 

. GROWTH RESPONSES TO SELENIUM IN LAMBS 

in 

Ye By Dr. J. W. McLEAN, G. G. THOMSON and J. H. CLAXTON 

ra Canterbury Agricultural College, Christchurch, New Zealand 

er 

ti-f | J NTIL recently, selenium as a dietary constituent selenium every 7-10 days. Lambing commenced 
ot / was regarded as of significance only when it about the beginning of August, and weaning occurred 
lal f occurred in excess of certain well-defined limits. In in the first week of December. 


gif selenium poisoning areas, about 5 p.p.m. in herbage 
inf is considered to be the tolerance limit for livestock?. 
alli It has now been shown?-* that selenium in organic 
‘at f and inorganic form has high protective powers against 
W0 # necrotic liver degeneration in the rat and mouse, and 
ndfexudative diathesis in the chick fed basal diets 
en § deficient in vitamin E and containing a high propor- 
Onftion of Torula yeast; protection being obtained 
er § respectively with 0-04 p.p.m. and 0-1 p.p.m. of selen- 
asfium in the ration. It has been shown also in the 
ise chick that selenium is a required nutrient necessary 
wsf for normal growth as well as for the prevention of 
olf exudative diathesis®. 

ne So far as large animals are concerned, there is 
evidence to indicate that sodium selenite fed to 
el} pregnant ewes at the rate of 0-1 p.p.m. of selenium 
s0- Bin the ration will protect their lambs against muscular 
dystrophy (white muscle disease)’.’. 

Furthermore, trials conducted in the South Island 
»of New Zealand® suggest a protective action of selen- 
um when given to the lambs themselves, in naturally 
occurring outbreaks of a type of muscular dystrophy 
affecting young lambs. 

Arising from the idea that subclinical muscular 
dystrophy might be one of the factors responsible 
for the slow growth-rate of weaned and unweaned 
lambs commonly observed in the South Island--a 
condition known locally as ‘ill-thrift’—we commenced 
trials to investigate the possible effects of selenium 
| supplements on the growth-rate of various classes of 
jlambs on the College farms. This communication 
records the observations made to date. 

All lambs were individually identified with ear- 
tags, divided at random into treatment and control 
groups, and weighed at intervals of 2-3 weeks. 
Selenium was given as sodium selenate by subcutane- 
ous injection in sterile water at the rate of 1-0 mgm. 
















The first three trials involved pure-bred Romney, 
Border Leicester and Corriedale ram and ewe lambs 
reared on the College home farm. The fourth trial 
was carried out on Corriedale wether lambs brought 
on to the College farm from the same farm on which 
the fifth trial was conducted (Ashley Dene farm). 

Mean live weights and gains are set out in Table 1, 
with the numbers of lambs in each group given in 
brackets. 


Table 1. MEAN LIVE WEIGHTS AND GAINS (LB.) 
Trial 1. Romneys 





Date 9.10.58 22.1.59 Gain 
Selenium 30°5 (94) 69-4 38°9 
Control 31-5 (88) 66°3 34°8 
Difference in 105 days 4-1%9 
Trial 2. Border Leicesters 
Date 19.10.58 22.1.59 
Selenium 51-2 (49) 79-2 28-0 
Control 50-3 (47) 71°9 21°6 
Difference in 95 days 6-492 
Trial 8. Corriedales 
Date 21.11.58 22.1.59 
Selenium 46-6 (61) 63-1 16°5 
Control 47-4 (59) 60°9 13°5 
Difference in 62 days 3 -0** 
Trial 4. Corriedale wethers 
Date 11.11.58 12.2.59 
Selenium 52-2 (20) 74°5 22°3 
Control 52-2 (20) 67°8 15°6 
Difference in 93 days 6:74* 
Trial 5. Corriedale (mixed sex) 
Date 3.11.58 2.2.59 
Selenium 40-6 (23) 78°3 ae 
Control 41°6 (21) 68°6 27-0 
Difference in 91 days 10-7** 


** Significant at 1-0 per cent level. 


Analysis of variance shows that the differences in 
gains in live weight are highly significant (P < 0-01) 
in all trials. The magnitude of these responses varies 
considerably, being greater in general in the lambs 
from the Ashley Dene farm. The response is rapid, 
evidence 0: increased growth being observable in all 
groups in 2-3 weeks after treatment commenced. 





ene) 


=_t 


Further, it appears to be a continuing one, although 
the duration of some of the trials is obviously short. 

Explanation of the mode of action of selenium in 
producing a growth response under these conditions 
must at the present time be rather speculative. 
There can be little doubt now that traces of selenium 
are required by the animal for normal metabolism, 
that vitamin E and selenium are interrelated in their 
metabolic functions, and that vitamin E cannot 
completely replace the need for selenium. The growth 
responses in lambs may therefore be taken as an 
indication of a specific selenium deficiency, one 
manifestation of which is a slowing up of growth, 
and another a predisposition to muscular dystrophy 
and possibly other conditions in which the metabolism 
of vitamin E is involved. 

This concept is in conformity with the known distri- 
bution of naturally occurring outbreaks of exudative 
diathesis in chicks and white muscle disease in lambs?!°, 
both of which, in New Zealand, are almost entirely 
restricted to the South Island. 

In this respect it is of interest to note that the 
groups of lambs giving the greatest response (trials 4 
and 5) came from flocks in which losses from white 
muscle disease had occurred earlier in the season 
before these trials commenced (4 out of 600 for trial 
4 and 7 out of 51 in trial 5). 

At the other extreme, in the pure-bred lambs on the 


College farm, only one death occurred from white 
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muscle disease; there were no other signs of the 
disease in the 580 lambs born this season, nor has 
there ever been any history of the disease on this 
farm. Selenium responses have therefore been 
obtained, not only in lambs from areas where white 
muscle disease is common, but also where it has been 
extremely rare. 

On the other hand, the College farm has had a 
history of so-called ‘ill-thrift’ of varying degrees of 
severity over the past three years. Just what part, 
if any, selenium deficiency plays in the ‘ill-thrift’ 
syndrome in this area is not as yet clear. That it 
may be a factor of some importance is indicated by 
the data presented in these trials. 

This is a preliminary report only and final results 
will be published elsewhere. 

1 Garner, R. J., “Veterinary Toxicology” (Bailliére, Tindall and Cox, 
London, 1957). 

2 Schwarz, K., and Foltz, C. M., J. Amer. Chem. Soc., 79, 3292 (1957). 

3 Schwarz, K., Bieri, J. C., Briggs, G. M., and Scott, M. L., Proc. 
Soc. Exp. Biol. Med., 95, 621 (1957). 

* Patterson, E. L., Milstrey, R., and Stokstad, E. L. R., Proc. Soc. 
Exp. Biol. Med., 95, 617 (1957). 

5 Dam, H., Nielsen, G. K., Prange, I., and Sondergaard, E., Experi- 
entia, 18, 493 (1957); Nutr. Abst. Rev., 28, 762 (1958). 

® Nesheim, M. C., and Scott, M. L., J. Nutr., 65, 601 (1958). 

7 Muth, O. H.. Oldfield, J. E., Remmert, L. F., and Schubert, J. R., 
Science, 28, 1090 (1958). 

8 Procter, J. F., Hogue, D. E., and Warner, R. G., J. Anim. Sci., 
17, 1183 (1958). 

® Hartley, W. J., Grant, A., and Drake, C., Wallaceville Animal 
Research Station, N.Z. (personal communication). 

‘0 Hartley, W. J.,and Dodd, D. C., N.Z. Vet. J., 5, 61 (1957). 


CARBOHYDRATE — AMINO-ACID INTER-RELATIONS IN BRAIN 


CORTEX 


IN VITRO 


By M. M. KINI and Pror. J. H. QUASTEL, F.R.S. 


McGill-Montreal General Hospital Research Institute, 3619 University Street, Montreal 


T is now well known that when radioactive glucose 

is metabolized by brain cortex 7n vitro, radioactive 
amino-acids are formed!-*, A mince of the brain of 
one-day-old mice when incubated with glucose 
uniformly labelled with carbon-14 incorporates 
radioactivity in all amino-acids of brain protein 
with the exception of threoninet. Rat brain cortex 
slices can convert C-glucose into labelled glutamic, 
aspartic and y-aminobutyric acids®. When 1lC- 
zlucose is injected intraperitoneally into one-day-old 
mice, radioactivity is found in aspartic and glutamic 
acids and in alanine in the brain proteins*?. It is 
evident that glucose, during its normal metabolism 
in the brain, produces intermediates—presumably 
the «a-ketonic acids—that undergo conversion to 
amino-acids largely at the expense of organic nitrogen 
already available in the brain cell. Such amino- 
acids must play a part not only in the various biosyn- 
thetic operations of the nerve cell but also in the 
maintenance of ionic balance in the cell. It is there- 
fore of importance to understand more fully than is 
known at present the precise relations existing 
between sugars and amino-acids in the brain, and the 
manner in which these relations may be affected 
by substances that influence brain metabolism. 
Among such substances are potassium ions, which have 
long been known to exert profound effects on the 
metabolism of nerve cells. Cationic balance is a 


factor of fundamental importance for the metabolism 
of brain, both aerobically* and anaerobically’. 


We have therefore carried out experiments to 
ascertain the effects, on the formation of amino- 
acids from glucose in the brain cortex in vitro, of those 
concentrations of potassium ions that produce optimal 
stimulation of respiration, of a neurotropic drug 
such as amytal and of a respiratory inhibitor such as 
sodium malonate. The experiments have been 
carried out not only to throw more light on the mode 
of action of these substances but also to indicate the 
importance of the consideration of the amino-acids a= 
part of the over-all metabolism of sugars in the 
nervous system. 

The experimental work was carried out with the 
conventional Warburg manometric apparatus. Slices 
of rat brain cortex weighing approximately 90 mgm 
were incubated in a medium of the following com- 
position: sodium chloride, 128 mM; _ potassium 
chloride, 5 mM; calcium chloride, 3-6 mM; mag- 
nesium sulphate, 1-3 mM ; disodium hydrogen phos- 
phate, 10 mM brought to pH 7:4 with N hydrochloric 
acid. The final volume was 1:0 ml. and each flask 
contained 5 mM glucose uniformly labelled with 
carbon-14 with an activity of 10® counts/min. when 
counted on aluminium planchets at infinite thinness. 
0-1 ml. of 20 per cent potassium hydroxide was used 
as carbon dioxide absorbent. Incubations were 
carried out in oxygen at 37°C. for 1 hr., after which the 
tissue slices were homogenized in 8-0 ml. of 80 per 
cent ethanol, centrifuged and the supernatant 
evaporated at 30° C. in a current of air. The dried 
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extract was dissolved in 0-5 ml. of water and 400 ul. 
was chromatographed two-dimensionally on Whatman 
No. 1 paper. The solvents used were sec.butanol/90 
per cent formic acid/water (70:11:17 v/v/v) for 
the first phase, and phenol/water/ammonia (1 lb. 
phenol: 110 ml. water: 1-7 ml. ammonia, 
grav. 0-88) for the second phase. 

The radioactive spots were localized by radioauto- 
graphy and the radioactivities of the spots were 
measured quantitatively using a “Tracerlab’ counter 
with a mica window 28 mm. in diameter and thickness 
1:5-1-8/em.*. Activities were corrected for back- 
ground. The counting efficiency by this method was 
calculated to be 16-8 per cent. 

All results are expressed as counts per minute for 
100 mgm. of wet-weight tissue. 


spec. 


Effects of Potassium lons on Amino-acid Formation 
from Glucose and Fructose 


The stimulating effects of potassium ions at 105 mM 
(preferably expressed as meq./litre (milliequivalents/ 
litre) ) on brain respiration, shown many years ago 
by Dickens and Greville’ and by Ashford and Dixon?, 
take place with the identical substrates, glucose, 
pyruvate or lactate, which permit responses to applied 
electrical pulses. The potassium effect has many of the 
metabolic characteristics of brain tissue in the excited 
It is suppressed by low concentrations of 
narcotics that have no demonstrable effects on the 
unstimulated respiration in the presence of glucose, 
which is quantitatively the most important metabolic 
fuel of the brain?.!! and of ganglia!*. The narcotic 
suppression of potassium stimulation of brain respira- 
tion applies not only to central narcotics!® but also 
to local anzesthetices!*, to chlorpromazine, alcohols and 
aldehydes?®.1® and to the newer depressants of the 
glitarimide type, and focuses interest on the 
mechanism of potassium stimulation of neurone 
respiration. This stimulation seems greatly to 
resemble that brought about by oscillating electrical 
pilses!7.18, which may produce their effects by ionic 
displacements, for example, of potassium, calcium or 
sodium. All the evidence points, in fact, to the similar- 
ity in many respects of the biochemical effects of 
electrical stimulation of the brain certex slice with 
those due to the presence, in the incubation medium, 
of potassium ions at 0-1 molar concentration. Brain 
homogenates or minces are, as is well known, unre- 
sponsive to either forms of activation. Presumably 
in the conscious animal such stimulation operates 
by the action of sensory impulses, and high sensitivity 
to narcotics of the metabolic activity of the stimulated 
brain cell ensues. 

The potassium stimulation of brain respiration is 
highly sensitive to malonate, whereas unstimulated 
brain respiration is but litule affected by malonate?®.”°, 
It is evident*!® that potassium ions activate the 
citric acid cycle involved in glucose oxidation in the 
brain or a pace-making step closely associated with 


it. 


state. 


tesults showing the effects of the addition of 105 
mM potassium chloride solution to the incubation 
medium on amino-acid formation in rat brain cortex 
slices are shown in Table 1. It will be seen that in 
a normal physiological medium containing 5 mM 
potassium ions there is a labelling of glutamic acid, 
aspartic acid, glutamine, alanine and y-aminobutyric 
acid in the presence of glucose and of fructose both 
uniformly labelled with carbon-14. The labelling of 
glutamic acid, with both sugars, is highest among the 
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Table 1. EFFECTS OF 0:1 M PoTassiUM CHLORIDE ON AMINO-ACID 
PRODUCTION FROM GLUCOSE AND FRUCTOSE UNIFORMLY LABELLED 
: WITH CARBON-14 IN SLICES OF RAT BRAIN CORTEX 
Substrate concentration, 5 mM (10° counts/min.); incubation time, 
60 min.; temperature, 37° C.; aerobic. All values are expressed as 
counts/min./100 mgm. wet tissue/10® counts/min. uniformly labelled 
substrate per vessel 
azea Re Ee ae ae key ae en ee = 


° yar ‘ re | 
Glucose-U-!*( Fructose-U-!¢ 
Amino-acid  - 


5 mM K* 

















formed 105mM K*+; 5m Kt |105mM K* | 
Glutamic acid | 5,057 +358 | 5,516+475 | 4,7844307| 942+ 21) 
Aspartic acid | 1,318 +164 | 83 +185 | 2,159+122 | 2,127+104 
Glutamine | 1,289 +-112 | 2,897+209 *) | (*) 
Alanine | 657+ 60| 7944+ 49! 374+ 63! 224+ 24 
y-Amino- | 


butyric acid | 9664142 /1,4914164 739+ 22, 2714 10 


All values are given with mean standard errors. 


* Glutamine could not be counted, when fructose was used as sub- 
strate, as the fructose spot overlapped that of glutamine. 


amino-acids investigated, aspartic acid showing the 
next highest activity. It is noteworthy that the 
labelling of aspartic acid, on incubation with uniformly 
labelled fructose, greatly exceeds that of aspartic 
acid found after incubation with uniformly labelled 
glucose. 

The most important quantitative effect of the 
presence of 105 mM potassium ions, which increases 
the respiration of brain cortex slices in the presence of 
glucose by almost 100 per cent, is to bring about a 
large increase in the labelling of glutamine (nearly 
100 per cent) and of y-aminobutyric acid. The total 
count of the labelled amino-acids in the presence of 
glucose uniformly labelled with carbon-14 is increased 
from 9,287 to 11,381 counts/min. The labelling of 
glutamic acid or alanine is slightly increased whereas 
that of aspartic acid is slightly decreased. 

It may be noted that the ratios of radioactive 
glutamate, glutamine and y-aminobutyrate found with 
potassium-stimulated rat brain-cortex slices in pre- 
sence of glucose are 1: 0:44: 0-27 (Table 1), which 
approximate to the ratios of these amino-acids 
normally found in the adult rat brain cortex*', 
namely, 1 : 0-43: 0-17. 

As it is well known that glutamine is derived from 
glutamate in brain in a reaction involving adenosine 
triphosphate*!, the process bringing about the 
removal of free ammonium ions that are liberated 
during the functional activity of the brain?*, and that 
y-aminobutyric acid is derived from glutamate by a 
decarboxylase normally present in the brain®*, we 
may consider that the net effect of exposing brain- 
cortex slices in presence of glucose, uniformly labelled 
with carbon-14, to 105 mM potassium ions, is to in- 
crease the total yield of glutamic acid, the excess 
over the normal appearing as both glutamine and 
y-aminobutyric acid. This phenomenon may be 
explained by the fact that the presence of 105 mM 
potassium ions accelerates the operation of the 
citric acid cycle in the brain, increasing the rate of 
turnover of intermediates, among which is x«-keto- 
glutarate which, by transamination with intracellular 
amino-acids, forms glutamate and thence glutamine 
and y-aminobutyric acid. 

Typical results given in Table 2 lead to the con- 
clusion that the presence of potassium ions accelerates 
the conversion of pyruvate to acetyl-coenzyme A. 
The results demonstrate that the presence of 105 
mM potassium ions greatly increases the rate of oxi- 
dation in brain cortex of both pyruvate-1-4C and 
pyruvate-2-14C to carbon-14 dioxide, the latter process 
being much more inhibited by the presence of malon- 
ate than the former. The fact that some inhibition 
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Table 2. COMPARISON OF THE EFFECTS OF 0:01 M SopruM MALONATE 
AND 0-1 M POTASSIUM CHLORIDE ON OXIDATION OF PYRUVATE-1-"*C 
AND PYRUVATE-2-' © BY SLICES OF RAT BRAIN CORTEX 


Substrate concentration, 10 mM (10° counts/min.); incubation time, 


60 min.; temperature, 37° C.; aerobic. Carbon-14 dioxide evolved 
expressed as counts/min./mgm. dry weight tissue/hr./10*° counts/min. 
substrate per vessel 


Pyruvate-1-4C Pyruvate-2-"C 
Experimental 
conditions 


5mM Kt |105mM K+} 5mM Kt |105mM Kt 


Sodium pyru- 


vate only 1,166 2,008 481 1,040 
Sodium pyru- 
vate + 0-01 | | 
| M sodium 
malonate | 903 1,342 255 336 


of the former process by malonate occurs leads to 
the conclusion that part of the carbon-14 dioxide 
derived from pyruvate-1-"'C is formed after its 
fixation and metabolism by the citric acid cycle. 

Granting that the effect of the presence of 105 mM 
potassium ions is an increased rate of formation of 
acetyl-coenzyme <A, it becomes at once apparent 
(see Fig. 1) that the rate of formation of «-ketoglu- 
tarate (and thereby the rates of formation of glutamate, 
glutamine and y-aminobutyrate) should be increased, 
whereas that of oxalacetate (and thereby aspartate) 
may not be increased, as its greater rate of formation 
is balanced by its greater rate of removal by con- 
densation with the increased quantity of acetyl- 
coenzyme A that has become available. 


Glucose Fructose 


L-Aspartate Triosephosphate 1-Alanine 


| | wv 


| | ; 
| / DPN 
Oxaloacetate -Pyruvate -Acetyl-coenzyme A 
| kt | 
COs | 
L-Malate Glutamate sd aie ‘ 
1 acetate 
| DPN 


Succinate -—-a-Ketoglutarate— -——Citrate 
| 
L-Glutamate 
ATP 


y-Aminobutyrate L-Glutamine 


Vig. 1 


The conclusion that the major effect of increased 
potassium ions is to increase the velocity of forma- 
tion of acetyl-coenzyme A from pyruvate in brain 
cortex makes it possible to understand the mode of 
action of potassium ions in affecting the formation of 
amino-acids from fructose uniformly labelled with 
carbon-14. It will be seen, in the results quoted in 
Table 1, that in the presence of the normal potassium 
ion concentration (5 mJ), there is a marked increase 
of labelled aspartate and a marked decrease of 
labelled alanine as compared with the amounts of 
these amino-acids formed in the presence of glucose 
uniformly labelled with carbon-14. When the 
potassium ion concentration is increased to 105 mM, 
the outstanding effects are the large falls in the 
amounts of labelled glutamate and y-aminobutyric 
acid. Owing to experimental difficulties, when using 


fructose on paper chromatograms, it was not possible 
to make accurate assays of the radioactive glutamine 
formed. 


NATURE 


VOL. 184 


July 25, 1959 


The significant factor to be taken into account in 
interpreting the results found with uniformly labelled 
fructose (Table 1) is the much lower affinity of 
fructose for brain hexokinase than that of glucose”. 
The result of this lower affinity is a diminished 
availability of pyruvate in the brain cortex slices, 
under the experimental conditions quoted, a fact that 
accounts for the feeble anaerobic glycolysis exhibited 
by brain cortex in presence of fructose. Sufficient 
pyruvate is available, however, to enable the citric 
acid cycle to operate and to yield a respiratory value 
of the same order as shown by glucose in presence of 
brain cortex. The lack of availability of pyruvate, 
apart from that amount required for the citric acid 
cycle to operate, is also shown by the much lower 
ability of brain cortex slices to form lactic acid or to 
synthesize acetyl choline in presence of fructose as 
compared with that found in the presence of glucose*®. 
Although respiratory activities, and presumably, 
therefore, the amounts of available adenosine triphos- 
phate, of brain cortex slices in the presence of glucose 
and fructose are approximately the same, the rate of 
formation. of acetyl-coenzyme A in the presence of 
the former sugar is greater than in the presence of 
the latter. 

The lowered availability of pyruvate, in brain 
cortex slices in the presence of fructose uniformly 
labelled with carbon-14, results in there being less 
acetyl-coenzyme A available for condensation with 
oxalacetic acid formed during the operation of the 
citric acid cycle. This in turn leads to more oxalacctic 
acid being available for transamination into aspartic 
acid than occurs with glucose. On this interpretation, 
the larger yields of labelled aspartic acid found in 
the presence of uniformly labelled fructose than in 
the presence of uniformly labelled glucose is directly 
due to lack of available acetyl-coenzyme A for the 
acetylation of oxalacetic acid. The lowered avail- 
ability of pyruvic acid from uniformly labelled 
fructose is shown also by the diminished rate of formia- 
tion of labelled alanine (‘Table 1) in the presence of 
this sugar. 

The effects of an increased concentration of potis- 
sium ions on amino-acid formation from fructose 
may also be understood. The acceleration of conver- 
sion of pyruvate to acctyl-coenzyme A by the pre- 
sence of 105 mM potassium ions leads to an increased 
rate of respiration, so that more of the limited 
pyruvate available is converted to carbon dioxide. 
There is therefore less pyruvate available for con- 
version to amino-acids. Experiment shows (Table |) 
that a total count of 8,056 counts/min. for the amino- 
acids investigated falls to 3,564 counts/min. in tlie 
presence of 105 mM potassium ions. 

The limited amount of pyruvate, made available 
from fructose, leads ultimately to the formation of # 
smaller quantity of «-ketoglutarate than takes place 
with glucose, in spite of the increased rate of form: 
tion of acetyl-coenzyme A due to the presence of 
105 mM potassium ions. This in turn leads to smaller 
amounts, at equilibrium, of labelled glutamate and 
y-aminobutyrate. The quantity of labelled aspartat« 
formed, however, remains approximately constant 
This occurs, presumably, because the malic acid 
enzyme that transforms pyruvate to malate with 
fixation of carbon dioxide, and thence to oxalacetaie 
and aspartate, is operating optimally. This process is 
already known to occur with retina?® and with 
mouse brain*®. 

It is therefore possible to obtain an understanding 
of the relations existing between glucose or fructose, 
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and the amino-acids derived from these sugars in 
the brain, both in the presence of normal and high 
concentrations of potassium ions, on the basis of our 
present knowledge of the operations of the citric acid 
cycle in brain, of transaminating processes affecting 
the «-ketonic acids, and on the conclusion that the 
stimulating action of potassium is largely directed to 
the conversion of pyruvate into acetyl-coenzyme A. 

rhe implications of these findings are considerable, 
for they indicate that cationic balance, by influencing 
the relative velocities of the neurochemical processes, 
affects the formation of substances, such as acetyl- 
choline or y-aminobutyric acid, which are now well 


known to be implicated in the electrophysiology of 


the nervous system. 


Effects of Sodium Malonate on Glucose—Amino-— 
Acid Inter-relations 


In the presence of 10 mM sodium malonate, the 
respiration of brain cortex stimulated by potassium 
is inhibited to the level of the endogenous respiration, 
which is only slightly affected. 

The effects of the addition of 10 mM sodium 
malonate on the formation of labelled amino-acids 
from glucose uniformly labelled with carbon-14 are 
shown in Table 3. 

Table 3. INFLUENCE OF 0-01 M SopIuM MALONATE ON AMINO-ACID 
FORMATION FROM GLUCOSE UNIFORMLY LABELLED WITH CARBON-14 
WITH AND WITHOUT 0:1 M PorTassituM CHLORIDE 
xperimental conditions asin Table 1. Results (counts/min./100 mgm. 
wet tissue/10* counts/min. glucose) are the mean values of three sets 
»f experimental results 
5mM kt + 0-01 M 


Amino-acid | 105mM Kt + 0-01 M 


formed malonate | malonate | 
(ilutamic acid 1,990 995 | 
| Aspartic acid 328 5383 
(lutamine 361 72 
Alanine 133 60 | 
H -Aminobutyric 
| acid 522 194 


The most noteworthy effect of the malonate is the 
decrease in labelling of all the amino-acids; a total 
amino-acid count of 9,287 counts/min. is reduced by 
malonate to 3,334 counts/min. The percentage de- 
crease effected by malonate is greater in the presence 
of 105 mM potassium ions. The total count of 
11,381 counts/min. found with the high potassium 
ion coneentration is reduced to 1,904 counts/min. 
when the malonate is added. Thus not only is the 
potassium stimulation of brain respiration abolished 
by malonate!%, but also its stimulation of amino-acid 
labelling in the presence of radioactive glucose. The 
suppression of respiration is reflected by the lowered 
availability of pyruvate, and hence in the diminished 
production of labelled alanine and of «-ketoglutarate, 
and henee in the diminished rates of formation of 
glutamate, glutamine and y-aminobutyric acid. 


Effects of Sodium Amytal on Amino-acid Formation 
from Glucose 


In accordance with the conclusion by Michaelis 
and Quastel?? that a narcotic, such as chloretone, 
suppresses specifically at low concentrations the 
activity of a process playing an intermediate part in 
tissue respiration between a flavoprotein involving 
diphosphopyridine nucleotide, and cytochrome oxid- 
ase, it has been shown*® that amytal (5-ethyl-5- 
isvamyl barbiturate) is a highly effective inhibitor of 
tho oxidation of reduced diphosphopyridine nucleo- 
tide and its associated phosphorylations. 
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An effect, therefore, of the addition of a narcotic, 
such as amytal, to respiring tissue is to bring about an 
increase in the ratio of reduced diphosphopyridine 
nucleotide to diphosphopyridine nucleotide in the 
cell. The change in this ratio, or the diminished 
availability of diphosphopyridine nucleotide for its 
various linked reactions in cell metabolism, has a 
variety of consequences. One obvious result is an 
increase in the rate of reduction of pyruvate, derived 
from aerobic breakdown of glucose in the brain cell, 
to lactate, so that an increased aerobic glycolysis in 
the presence of the narcotic takes place. This is a 
well-known phenomenon?®. Other results, due both 
to the changed velocities of the diphosphopyridine 
nucleotide-linked reactions and to the diminished 
availability of adenosine triphosphate consequent 
upon the suppression of oxidation of reduced diphos- 
phopyridine nucleotide, may he expected to take 
place. 

The effects of the addition of 0-5 mM _ sodium 
amytal on amino-acids formed from glucose, uniformly 
labelled with carbon-14, in the presence and absence 
of 105 mM potassium ions are shown in Table 4. 
At this concentration, amytal exerts only a small 
inhibitory effect on the oxidation of glucose by the 
unstimulated brain cortex slices but almost a com- 
plete suppression of the potassium-stimulated respira- 
tion of brain cortex in the presence of glucose’. 
The results (Table 4) demonstrate these effects : 





Table 4. INFLUENCE OF 0:5 mM SopiuMm AMYTAL ON AMINO-ACID 
FORMATION FROM GLUCOSE UNIFORMLY LABELLED WITH CARBON-14 
WITH AND WITHOUT 0:1 WZ POTASSIUM CHLORIDE 
Experimental conditions as in Table 1 

| 5mM Kt 4 105 mM Kt 4 
Amino-acid formed glucose- U-4C glucose-U-"*C 
} OSOmMamytal {| 0:5 mM amytal 








+ 450 


Glutamic acid 5,793 + 335 6,761 

Aspartic acid 1,002 + 65 661 + 51 
Glutamine 1,095 + 80 111 10 
Alanine 1,104 + 70 386 + 36 
y-Aminobutyric acid | 1,798 45 1,479 + 123 


(a) Innormal physiological media (5 mM potassium 
ions) the presence of 0-5 mM amytal produces a 
marked increase in the rates of formation of labelled 
y-aminobutyrie acid and alanine, with relatively small 
changes in the rates of appearance of labelled glutam- 
ate, aspartate and glumatine. 

(b) In the presence of 105 mM potassium ions and 
0-5 mM amytal, there is a very large fall in the rate 
of formation of labelled glutamine from 2,397 counts/ 
min. (Table 1) to 111 counts/min. (Table 4). There is 
a fall also in the rate of formation of labelled alanine 
and aspartic acid and a rise in that of glutamic acid. 

The results may be explained in the following 
manner. 

(1) With the unstimulated slice of brain cortex, 
the amytal brings about a diminution of available 
diphosphopyridine nucleotide, so that less pyruvate 
is oxidized to acetyl-coenzyme A and less a«-keto- 
glutarate is converted to succinate. There is not 
only, therefore, an increased rate of conversion of 
pyruvate to lactate but also an increased rate of 
conversion, by transamination, of labelled pyruvate 
to alanine and of labelled x-ketoglutarate to gluta- 
mate. The latter reaction is reflected in an increased 
rate of formation of labelled y-aminobutyrate. The 
rate of formation of glutamine is not increased ; it is 
in fact decreased, presumably because the suppression 
of oxidation of reduced diphosphopyridine nucleotide, 
leading to a diminished synthesis of adenosine tri- 
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phosphate, results in a diminished amount of the 
latter being available for synthesis of glutamine. 

(2) With the stimulated slices of brain cortex, in 
which the oxidation of pyruvate by diphosphopyridine 
nucleotide to acetyl-coenzyme A is greatly enhanced, 
the effect of the presence of the narcotic is to suppress 


this oxidation owing to the lowered availability of 
increase of 


diphosphopyridine nucleotide. | The 
reduced diphosphopyridine nucleotide leads to an 
increased rate of formation of lactate (that is, increased 
aerobic glycolysis), this process taking place partly 
at the expense of pyruvate that would otherwise be 
to alanine. <A similar suppression of 
oxidation of «a-ketoglutarate leads to enhanced 
labelling of glutamate. The synthesis, however, of 
glutamine from glutamate is almost entirely blocked 
by the narcotic, 
adenosine triphosphate normally coupled with the 
oxidation of reduced diphosphopyridine nucleotide, 

It is evident that the processes controlling glucose 
amino-acid inter-relations in both the unstimulated 
and stimulated slice of brain cortex and in the absence 
or presence of a narcotic such as amytal may be 
interpreted satisfactorily on the basis of the con- 
clusions that the stimulation consists of an accelera- 
tion of the conversion of pyruvate to acetyl-coenzyme 
A and that the narcotic brings about a suppression 
of endogenous oxidation of diphosphopyridine nucleo- 
tide by oxidase and its associated 
phosphorylations. 


transformed 


eytochrome 


Summary 


(1) Glucose and fructose, both uniformly labelled 
with carbon-14, in the presence of slices of rat brain 
cortex, are partly converted to radioactive glutamic 
acid, glutamine, y-aminobutyric acid, aspartic acid 
and alanine. The yields, and relative proportions, of 
these amino-acids found with the uniformly labelled 
glucose differ considerably from those found with 
uniformly labelled fructose. An outstanding differ- 
ence is the large yield of labelled aspartic acid found 
with fructose as compared with that from glucose. 

(2) When brain cortex respiration in the presence 
of glucose or fructose is stimulated by the addition 
of 105 mM potassium ions, large changes take place 
in the yields and relative proportions of radioactive 
amino-acids. With glucose, the effect is greatly to 
increase the yield of glutamine and y-aminobutyric 
acid. With fructose, the effect is greatly to diminish 
the yield of labelled glutamate. 

(3) It is concluded, from the effects of the addition 
of 105 mM potassium ions on the formation of 
carbon-14 dioxide from pyruvate-1-“C and pyruvate- 
2-4C, and on the relative inhibitory effects of malonate 
on these processes, that the stimulating effect of 
addition of potassium ions on the respiration of brain 
cortex is largely directed to an acceleration of a 
pace-making step, the conversion of pyruvate to 
acetyl-coenzyme A. 

(4) The presence of malonate, which abolishes the 
potassium ion stimulation of respiration of brain 
cortex, brings about a greatly diminished labelling of 
all amino-acids derived from glucose, uniformly 
labelled with carbon-14, and in the presence of added 
potassium ions almost completely blocks the forma- 
tion of alanine, glutamine, and y-aminobutyric acid. 

These results can be satisfactorily explained on the 


basis of the conclusions that the amino-acids are 
derived from glucose by transamination of the 


a-ketonic acids derived during the operation of the 
citric acid cycle and that the potassium ion stimula- 


by its suppression of synthesis of 
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tion of the metabolism of brain cortex is due to its 
acceleration of the oxidation of pyruvate to acetyl- 
coenzyme A. 

(5) The presence of the narcotic, 0-5 mM sodium 
amytal, produces, with the unstimulated brain cortex 
slice, a marked increase in the yield from glucose 
uniformly labelled with carbon-14, of labelled y-amino- 
butyric acid and alanine, with relatively small 
changes in the yields of labelled glutamate, aspartate 
and glutamine. With the stimulated brain cortex 
slice (that is, with 105 mM potassium ions) the nar- 
cotic at small concentrations brings about a very 
large fall in the yield of labelled glutamine, falls in 
the yields of labelled alanine and aspartic acid and 
a rise in the yield of labelled glutamic acid. These 


results may be adequately explained on the basis of 


the conclusions given above, together with the 
conclusion that the main effect of the narcotic is to 
suppress the oxidation of reduced diphosphopyridine 
nucleotide by cytochrome oxidase and its associated 
phosphorylations. 


We acknowledge, with gratitude, a grant-in-aid 
from the National Research Council of Canada which 
made this work possible. 
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LETTERS TO THE EDITORS 


OCEANOGRAPHY 


Application of Ultra-Violet Lights to 
Underwater Research 


We believe this to be the first report of the use of 
ultra-violet lights by divers in underwater research. 
In addition to opening up a new technique of explor- 
ation, it is believed that our preliminary findings may 
he of considerable interest to marine biologists, 
geologists and archeologists. 

This work was conducted at depths of 3-5 fathoms 
in the waters of Northwest Harbor, Deer Isle, Maine, 
during August 1958, using hand-carried ultra-violet 
lizhts of our own development. — Self-contained 
weathing apparatus (‘Scuba’) was used throughout 
and all dives were conducted at night. 

Iwo ultra-violet lights were used. Each light was 
completely self-contained and consisted essentially 
of a G.KE. tubular ultra-violet lamp, 6 watts (7'-5, 
BDLB, self-filtering), as an ultra-violet light source 
(about 3500-4000 A.) which was energized by a 6-V. 
hattery-driven circuit consisting of an interrupter 
making and breaking the current to the low voltage 
side of a transformer (Stancor, A—3879). Sufficiently 
high voltage was obtained from the transformer 

econdary’ to cause a discharge through the ultra- 
violet light tube. Acknowledgment is made to 
Transspace Laboratory for the use of their laboratory 
and workshop in the development of these lights. 

Five preliminary findings merit presentation : 
(!) ‘Phe general prevalence of fluorescence (often 

tremely beautiful) under ultra-violet irradiation of 

ich ot the material, matter and objects occurring, 
rowing and making up the ocean bottom, in the 
waters explored. (2) The difference in the observed 
fluorescence of many objects removed from the water 
and the same objects in situ—for example, ‘coralline 
ulyae’, which out of water generally fluoresce rose or 
pink, in their natural habitat appear to fluoresce 
white. (3) The apparent absence of any significant 
norescence of the suspended matter in the naturally 
ibid Maine waters, and the absence of any dazzling 
‘Tyndall beam phenomenon. ‘This made it possible 
to see objects (which fluoresced) approximately 
cizght times beyond the range at which such objects 
could be seen through these waters using natural 
lizht or during the daylight hours. Normal visibility 
is about 6 ft. in these waters. At night using ultra- 
Violet light, fluorescent objects approximately 50 ft. 
away could be detected. This latter suggests, because 
o! the natural fluorescence of the human skin (of 
lizht-skinned persons) and the fluorescence of white 
clothing, particularly clothing washed in modern 
detergents which contain optical whiteners, that 
searches in turbid and sediment-filled waters for 
hodies of the drowned might best be conducted in 
the dark, at night using ultra-violet light. (4) The 
fiiorescence of the bottom, in mud areas, under which 
long-submerged pieces of ships’ timbers were known 
‘0 be buried, appeared to be significantly different 
f'om areas which were free of timber. This suggests 
the use of ultra-violet light as an aid in locating the 


presence of artefacts buried in mud. (5) The fluores- 
cence of naturally fluorescent petroleum intermixed 
with seabottom mud, which suggests the possible 
value of ultra-violet light in submarine prospecting 
for petroleum and fluorescent minerals. 


RicHarp G. WoopBRIDGE, IIL 


41IcHARD C. WoopBrRIDGE 


Transspace Laboratory, 
Box 111, 
Princeton Junction, 
New Jersoy. 

June 11 


The North Kenya Banks 


A BANK Off the northern Kenya coast is acquiring 
significance. Its presence is unique along the coastline 
of tropical East Africa, and it is of considerable interest 
as an abstract marine problem of this region and as a 
likely boost to local fishery resources. 

Africa has least shelf area, relative to its size, of all 
the continents, and off tropical Kast Africa the shelf 
is particularly: narrow. The 100-fathom contour off 
Tanganyika and Kenya usually lies only 2-5 miles 
offshore, the only notable exception being the bank 
mentioned that is sketchily indicated in Admiralty 
Charts off Lamu, North Kenya. It is tiny compared 
to world fishery banks, following about 40 miles of 
coastline and extending offshore to a maximum of 
about 30 miles. The chart suggests a simple bank but 
we have found there to be several banks with a very 
distinctive, steep valley separating the south-western 
half of the bank complex from the shore at the normal 
position of the edge of the continental shelf. The 
offshore area has complicated topography “irregular in 
configuration with hills and pits often side by side’”!, 
For example, a hill rising to 58 fathoms lies less than 
1 nautical mile from a pit dropping to 92 fathoms. At 
the blind end of the valley mentioned, where the bank 
system runs into the shallows of Lamu Bay, there is a 
sizeable area of apparently very smooth bottom at 
42 fathoms and other regions of smooth bottom are to 
be found at greater depths although interspersed with 
undulant or rough areas. 

Certain conjectures regarding the history of these 
banks are worth mention until geological examination 
(for which we are not equipped) reveals their structure. 
They are likely to consist of deltaic alluvium for the 
Lamu area is plainly the ancient delta of a river that 
was many times greater than the nearby, present-day 
Tana River. The Tana now opens into the sea 
southerly of Lamu and its water is carried northwards 
by the coastal current throughout the year but meets, 
off Lamu, a southward-flowing current for part of the 
year. It is reasonable to infer that precipitation of 
“river sediment occurs off Lamu, and this would 
perpetuate the ancient banks. In addition, the folds 
and pinnacles of the bottom, as revealed by our 
explorations, strongly suggest to me an underpinning 
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by rock (although this is remarkable in view of the 
flat adjacent countryside). It is interesting that 
soundings from old and modern sources suggest shifts 
of alluvium from one place to another, yet no dis- 
persion of the bank as a whole despite the currents 
that sweep it. 

Accounting for the presence of the banks is, perhaps, 
of abstract importance to their potential fishery value 
and so is explanation of the actual and unique associa- 
tion of fishes to be found. A rock-cod (Serranidae) 
can be caught in fair numbers but it has never been 
found by us south of the North Kenya banks. It is 
almost certainly the same species as one trawled off 
the south of India. Yet, below the water that com- 
prises the surface coastal current other fishes can be 
plentifully caught that are common off south-eastern 
South Africa. Newell’s? exposition of the current 
system of these waters is of great interest regarding the 
geographical distribution of the species. 

By world standards the fishery production off 
British East Afriea is infinitesimal? due to primitive 
fishing methods, to the infertile sea water and to 
scarcity of shelf area. It is a pity that Worthington* 
omitted emphasis of this last and vital factor in his 
memorable review of modern African biological 
resources, for it is a severe handicap to development. 
Demand for fish is great as shown by the annual 
importation of fresh fish from Europe and South 
Africa and of salt fish from Arabia and Somalia. Any 
increase in productivity would be tremendously 
important, and fortunately the North Kenya banks 
have been proved very promising®:®. A few trawling 
trials have been made off this coast but most came to 
grief due to insufficient knowledge of suitable areas 
of clean bottom. Our departmental explorations in 
M.V. Manihine have now charted areas of the North 
Kenya banks where trawls may be cast with favourable 
chances and where, moreover, fishes have been caught 
on handlines. Even a small trawling ground would 
raise the annual harvest appreciably, for traditional 
fishing by handlining and trapping is time-consuming. 
Whether or not trawling proves feasible the rough 
areas on these banks yield commercially valuable 
fishes to handlining and may support longlining on the 
mother-ship and dory system, a development that the 
hardy local fishermen appear to be suited to. 

The assay of commercial possibilities of handlining 
and trapping in certain rich areas is being done by the 
Provincial Fisheries Officer (Coast) of the Kenya 
Fisheries Division. Our Organization is tackling the 
wider exploration of the banks, principally charting, 
hydrography and fishing by various methods (but 
chiefly by handlines and reels loaded with wire) here, 
there and everywhere to see whether other rich 
areas are present and to obtain a fuller picture of the 
fishing potential. (A report is being prepared). 
Clearly there are fishing grounds and I am attempting 
to determine the grounds in relation to benthos by 
dredging, but there is unfortunately little time avail- 
able for this and for the lengthy process of identifying 
specimens and evaluating the benthic ecology. 
Extensive echometer work is being done to map 
smooth and rough areas. A bathythermograph is 
often cast into the deeper places for there is a segre- 
gation of fishes into those that frequent the surface 
current and those in the different body of water 
beneath. Knowledge of the depth of the thermocline 
between the two water layers helps to determine 
what species to fish for, and where to position the boat. 

My hope is that other workers would like data or 
specimens for I would happily co-operate so that our 
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work on the North Kenya banks may achieve a scope 
beyond our present resources of time and man-power. 
With only one of our staff available for this investi- 
gation we restrict ourselves to aspects of direct 
fishery value. 

J. F. C. Morcans 


East African Marine Fisheries Research Organization, 
Zanzibar. 
June 1. 


1 Morgans, J. F. C., Appendix I, E.A.M.F.R.O, Ann. Rep. 1958 (1959) 
P wi" ta Colonial Office Fishery Publ. 9 (H.M. Stationary Office, 
957). 
3 Morgan, R., ‘World Sea Fisheries ’’(London, 1956). 
‘ Worthington, E. B., “Science in the Development of Africa’, C.C.T.A.- 
C.S.A. (1958). 
Kenya Fisheries, Reports for 1956 and 1957 (Nairobi, 1957, 1958) 
Williams, F., E. Afr. Agric. J., 24(1), 61 (1958). 


PHYSICAL SCIENCES 
An Absolute Scale of Time 


PHYSICAL time is customarily measured by counting 
the number of times a suitably chosen cyclic process 
(for example an oscillating pendulum) is repeated, and 
equal intervals are defined as those during which the 
process is repeated the same number of times. It 
would, in principle, be possible to choose, instead of a 
cyclic process, a purely random one and define equal 
intervals of time as those during which random events 
are equally likely. Most random processes vary too 
much with environment (for example, molecular 
bombardment of a surface varies with temperature) to 
be selected as standards for measuring time but 
radioactive decay is believed to be virtually indepen- 
dent of environment. Thus, if radioactive decay is 
truly random, the number AN of nuclei disintegrating 
in a time-interval ¢, ¢ + At, out of N like nuclei existing 
at time ¢ is given by: 


AN = —ANAt 1) 


where 2 is a constant characteristic of the particular 
nuclei chosen. 

Let a clock be constructed to count one every time 
an arbitrary fixed number of nuclei disintegrate from 
an assembly of No like nuclei at t = 0, which has 
become N at time ¢ so that: 


N = Noe~*# 2) 


The number disintegrating in the interval t = 0, 
t= 1 is No(l — eA). Let this be chosen as the 
arbitrary fixed number. 

The number that have disintegrated by time ¢ !s 
No(l — e-4t) so the time-interval X indicated by the 
clock (that is its count) will be No(1 — e-4*)/No(1 — e *) 
and: 


1] — e-At = X(1 — e-) (3) 
As judged by customary time-scales equal intervals hv 
such a clock would appear to be getting longer an 
longer and the clock would be deemed unsuitable. L: 
there be a second clock of the same kind but using 
different nucle: the decay constant of which is uv, then 
for it we have: 


1 —e#t = Y(1 — e#) (4) 


where Y is the time indicated by the second clock 
which is just as unsuitable as the first one. 
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An additional observable quantity is d Y/dX, the rate 
of one clock as judged by the other and we have: 


adY de 
dX 1 — eA 


we pt 


(5) 


l—e# 
In equations (3), (4), and (5) X, Y and dY/dX are 
known so that 4, v and ¢ are calculable and ¢ does not 
depend at all on the nuclei chosen, so from the two 
clocks a true or ‘absolute’ scale of time is derived and 
also the decay constants of the two sorts of nuclei 
chosen. 

It is not suggested that a useful practical system of 
this sort could be constructed; the accuracy in practice 
attainable in counting disintegrations is far too low by 
any presently known methods. Even if counting were 
perfect the fluctuations occurring in these random 
processes would make the attainment of anything like 
the precision of a good ordinary clock only attainable 
if the number of disintegrations counted per second of 
ordinary time was very large indeed, and there would 
among other difficulties be either that of ensuring that 
each clock was pure in the sense of the disintegrations 
counted all being of like atoms or of a much more 
complex analysis. 

The interesting point remains that from two such 
clocks a seale of time could, in principle, be derived 
that is independent of their nature and could be of any 
desired precision if only the clocks contain enough 
atoms. The accuracy with which the derived scale 
matched conventional time might be a test of the truth 
of the assumption that the decay processes are random. 

Perhaps, without stretching the significance of this 
curious result too far, one may suggest it implies that 
providing the universe is not composed solely of 
identical particles but contains at least two sorts 
capable of random disintegration at different rates 
there is a natural rate of change inherent in the 
structure of the universe itself independently of any 
man-made timepieces. 

Another point of interest is that, with any set of 
finite clocks of this kind, the uncertainty in measure- 
ment of a time-interval increases without limit as the 
interval tends to infinity. 


J. A. CARROLL, 


Admiralty, 
Whitehall, London, 8.W.1. 
June 1. 


Signals from Satellite 1958 62 
(Sputnik III) 


In a recent communication Munro! reported 
Australian observations of the radio signals from 
Satellite 1958 82 which led to the conclusion that the 
pulse modulation was absent when the Satellite was 
not illuminated by the Sun. This lapse of modulation 
was first noted early in March. 

There has been little opportunity for observers in 
Great Britain to detect such a lapse because on all 
near transits since late February the Satellite height 
has been sufficient for it to be illuminated over 
practically the whole of its observable track. There 
was, however, a short period from April 14 to 28 when 
the early part of the track was in darkness and 
observations made at the Radio Research Station, 
Slough, during this period showed that the signals were 
not received as early as expected and did, in fact, not 
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commence until the predicted time at which the 
Satellite emerged from eclipse. 

Up to the end of February and afterwards, except 
during the above period in April, signals have been 
received over the whole of the observable track. The 
condition of complete illumination on all near tracks 
continued until mid-August. 

The Radio Research Substation at Singapore has 
also reported the absence of signals at night. This lapse 
was first noted on March 27, and during June, when the 
conditions were appropriate, it was observed that the 
signals ceased abruptly within a minute of the pre- 
dicted time of the Satellite passing into eclipse. 

Although our results confirm Munro’s observation 
of the lapse of modulation the c.w. signal during these 
lapse periods, which he also observed, has not been 
detected so far either at Slough or Singapore. This 
may be due to lack of sensitivity in the receiver at 
Singapore and to the absence of suitable observing 
conditions at Slough. 

This work was carried out as part of the programme 
of the Radio Research Board, and this communication 
is published by permission of the Director of Radio 
Research of the Department of Scientific and Industrial 
Research. 

B. G. PRESSEY 


Department of Scientific and Industrial Research, 
Radio Research Station, 
Ditton Park, Slough, Bucks. 
Aug. 10. 


1 Munro, G. H., Nature, 183, 1549 (1959). 


Upper Atmosphere Density Variations 
Due to Hydromagnetic Heating 


THIS communication describes a mechanism which 
explains: (1) the irregular orbital accelerations of 
satellites'!, and (2) the sudden disappearance of 
trapped radiation from the Argus nuclear explosion 
coincident with a geomagnetic storm*. These two 
observations may be explained by the calculated 
rates of ionospheric heating by hydromagnetic waves?. 
The hydromagnetic waves are generated at a distance 
of six to ten Earth radii from the centre of the Earth 
by the instabilities as the solar wind interacts with 
the geomagnetic field, and by variations in solar wind 
pressure °'®. 

The major features of the satellite orbital decay 


to be explained are the correlaion between the 
orbital acceleration and the 10- and 20-cm. solar 
radio noise intensity, and the increased orbital 


acceleration during magnetic storms. Since the orbital 
decay increases during a magnetic storm and not at the 
time of a solar flare, Jacchia’ has concluded that it is 
probably corpuscular radiation from the Sun, that is, 
the solar wind, which affects the atmospheric drag. 
The corpuscular radiation itself cannot penetrate 
the geomagnetic field closer than about 5 Earth 
radii from the Earth’s centre (except during severe 
magnetic storms). However, as stated above, the 
solar wind can generate hydromagnetic waves which 
will be dissipated as heat in the altitude range 150- 
200 km. (the F-1 region of the ionosphere). The 
amplitude and frequency of the fluttering at the edge 
of the geomagnetic field varies with the strength of 
solar wind*®. Therefore, the high temperature of the 
F-region, which is at least in part due io hydromag- 
netic heating’, will vary with the strength of the solar 
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wind. Since the density above the F-region depends 
on the temperature of the F-region, the hydro- 
magnetic heating provides the mechanism whereby 
the solar wind can affect satellite drag. 

The correlation between the 10- and 20-cm. solar 
radio noise intensity and the orbital acceleration is 
independent of whether perigee is over the dark or 
sunlit hemisphere. Since the hydromagnetic wave 
velocity varies with height in such a way as to refract 
the waves completely around the Earth’, the hydro- 
magnetic heating gives a natural explanation of why 
the correlation between the 10- and 20-cm. solar radio 
noise intensity (which is apparently an index of solar 
wind intensity) and the orbital acceleration is not 
affected when perigee moves from sunlight into 
darkness. 

The ionosphere will also be heated by the hydro- 
magnetic waves which are generated during magnetic 
storms. The magnetic storm fluctuations have periods 
of the order of minutes which are much longer than 
the steady state flutter periods of about 1 sec. The 
hydromagnetic heating rate is dependent on fre- 
quency in such a way as to make the low frequency 
disturbance fluctuations much less effective for 
ionospheric heating than the 1 e.p.s. steady-state 
flutter frequency unless the amplitude of the low 
frequency fluctuations rises above some critical value. 
Since the magnetic K index is a measure of the 
amplitude of the low frequency fluctuations and is 
not sensitive to the 1 c.p.s. flutter frequency amplitude, 
no correlation between orbital acceleration and K 
index should be expected unless the K index should 
rise to a rather high value (as it would during a mag- 
netic storm). Thus, ionospheric heating by the large- 
amplitude low frequency hydromagnetic waves 
generated during a magnetic storm can account for 
the increased orbital acceleration observed during 
magnetic storms’. 

The same general arguments may be applied to the 
sudden disappearance of electrons from the Argus 
nuclear explosion. These electrons had been trapped 
in the geomagnetic field. It has been shown‘ that 
atmospheric heating will not distend the geomagnetic 
field even though the upper atmosphere expands 
(briefly, because (1) the slight increase in ion pressure 
is much less than the magnetic field pressure stress, 
and (2) even if the magnetic field were pushed out, it 
would very quickly diffuse back to its equilibrium 
position). Therefore, the shell of Argus radiation is 
fixed with respect to the earth and any ionospheric 
heating will increase the atmospheric density at the 
altitude of the Argus radiation. This increase in 
atmospheric density will, of course, increase the rate 
of loss of the trapped particles. The radiation in- 
tensity of the trapped Argus electrons was observed 
to decay inversely with time until a magnetic storm 
occurred. Then, the rate of decay of radiation 
intensity increased markedly and the radiation 
disappeared in a few hours. It has been pointed out 
that magnetic scattering of the electrons due to 
breakdown of the conservation of the magnetic 
moment is unlikely since the cyclotron frequency for 
electrons is too high and the cyclotron radius is too 
small for hydromagnetic waves to have any effect 
on the invarients of motion®. That is, the electron 


cyclotron frequency is much greater than the hydro- 
magnetic wave frequency and the electron cyclotron 
radius is much less than the hydromagnetic wave- 
length so that the adiabatic conditions are maintained. 
However, an increase in atmospheric density at high 
altitudes due to ionospheric heating would shorten 
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the trapping lifetime of the Argus electrons due to 
scattering by atmospheric gas. Thus, the loss of the 
Argus radiation and the increased orbital acceleration 
during a magnetic storm may be taken to be two 
independent observations of the same phenomenon : 
ionospheric heating by hydromagnetic waves. 

Another phenomenon which may be explained by 
hydromagnetic heating is the increased X-radiation 
intensity observed at balloon altitudes during a mag- 
netic storm!®, (These observations were made at 
latitudes far below the auroral zone and were not 
associated with visible auroras.) The ionospheric 
heating increases the atmospheric density in the lower 
part of the Van Allen radiation belt and thereby 
increases the scattering loss of trapped particles. 
The electrons which are scattered out of the Van Allen 
belt will emit bremsstrahlung upon being stopped 
in the atmosphere, and thus account for the increased 
radiation intensity measured at balloon altitudes 
during the magnetic storm. This explanation 
requires that the intensity of the lower part of the 
Van Allen radiation belt decrease during a magnetic 
storm. 

The conclusion reached is that ionospheric heating 
by hydromagnetic waves (generated by interactions 
between the solar wind and the geomagnetic field) 
can explain : (1) the observed variations in the orbital 
acceleration of satellites, (2) the sudden loss of the 
trapped Argus radiation coincident with a magnetic 
storm, and (3) the X-ray flux observed at balloon 
altitudes far below the auroral zone during magnetic 
storms. This flux is presumably associated with 
changes in particle radiation intensity at the lower 
edge of the Van Allen radiation belt. The hydro- 
magnetic heating of the ionosphere produces the 
above effects by increasing the scale height of the 
atmosphere and thereby increasing the atmospheric 
density at high altitudes. 


A. J. DESSLER 


Lockheed Aircraft Corporation, 
Missiles and Space Division, 
Palo Alto, California. 
June 11 


1 Jacchia, L. G., Nature, 188, 526 (1959). 

2 King-Hele, D. G., and Walker, D. M. C., Nature, 183, 529 (1959). 
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the National Academy of Sciences, April 29, 1959 (unpublished). 

‘ Dessler, A. J., J. Geophys. Res., 64, 397 (1959). 

* Parker, E. N., Phys. Fluids, 1, 171 (1958). 

® Dessler, A. J., J. Geophys. Res., 68, 507 (1958). 

7 Jacchia, L. G., Nature, 188, 1662 (1959). 

® Dessler, A. J., J. Geophys. Res., 68, 405 (1958). 

* Welch, jun., J. A., and Whitaker, W. A., presented at the National 
Academy of Sciences, April 29, 1959 (unpublished). 

10 Brown, R. P., J. Geophys. Res., 64, 323 (1959). 


Auroral Frequency Lines 


In his recent letter, Dr. B. Hultqvist! compares 
lines of equal auroral frequency drawn by E. Hi. 
Vestine and by C. W. Gartlein with auroral frequenc, 
lines deduced theoretically. He finds that his lines 
agree better with Gartlein’s International Geophysica! 
Year data in that both sets bulge much farther 
south of the geomagnetic latitude circles over nortli- 
east America than do Vestine’s lines which wer 
based on a combination of the original Fritz data 
with those collected in the years 1872-1942. 

This is interesting ; but it is not surprising that 
the Vestine and Gartlein frequency-lines diverge anil 
it can scarcely be taken as confirmation of the theory 
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behind Hultqvist’s lines. As nearly as can bo judged 
from his Fig. 1, he compares the position of Gartlein’s 
once-a-year (l/yr.) frequency with Vestine’s 5/year 
line which lies southward of it ; and Gartlein’s 70/yr. 
line with Vestine’s for 50/yr. lying for the most part 
well north of it. This by itself would not be critical 
because the frequency-lines of any one family should 


have the same general shape. But as the belt of 


greatest auroral frequency and associated geomagnetic 
disturbance expands southwards at times of greatest 
activity it is important that similar methods should 
be used for reducing different sets of data to a common 
basis of activity: it is also necessary that similar 
adjustments are made for incidence of cloud and 
daylight. In his redrawing of the Fritz lines, Vestine 
introduced corrections to his later observations based 
on the data from the British First and Second Polar 
Year Station at Fort Rae in the zone of maximum 
frequency in north-west Canada: he also corrected 
for length of daylight. But there is no evidence that 
any similar procedure was used for Gartlein’s Inter- 
national Geophysical Year data. 

J. M. STAGG 
Meteorological Office, 

Air Ministry, 
Kingsway, 
London, W.C.2. 
June 18. 


Ifultqvist, B., Nature, 183, 1478 (1959). 


DIFFICULTIES are certainly associated with the 
preparation of observational auroral frequency-lines. 
In general, some of the most important ones are 
supposed to be those due to too low density of the 
observational net, individual variations among the 
observers with regard to observational scheme and 
definitions, variations of the sensitivity of observa- 
tional method, ete. Correction for variation of the 
olar activity over the observational periods for the 
different observers must be introduced. In addition 
to this, adjustments for cloud and daylight must be 
made, as mentioned by Dr. Stagg. 

The difficulties seem, however, to be least if only 
the frequency-lines over a limited part of the Earth 
ave to be determined, if the observational material 
srestricted to a fairly small period in time, and 
especially if the net of observations is dense and all 
the observers are using the same nomenclature, 
definitions and observational scheme. 

This latter advantageous case is that of Gartlein, 
who has had at his disposal the closest and _ best- 
prepared net of well co-ordinated observers, which, 
so far as I am aware, has ever worked over American 
territory. In contrast, Vestine has used a less- 
homogeneous and less-defined observational material 
obtained at fewer points in the United States, as 
basis for his curves. 

As Dr. Stagg himself mentioned, the family of 
froqueney-curves may safely be supposed to have 
the same general shape over a wide range of absolute 
frequency values. 

For the reasons mentioned, it seems reasonable to 
suppose that the shape of Gartlein’s curves are at 
least as reliable as that of Vestine’s over American 
territory and to draw the conclusion of my earlier 
communication. 

BencT Hutta@vist 


Kiruna Geophysical Observatory, 
Sweden. 


~ theory®8 within the experimental error. 
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Polarization and Resolving Time Effects 


in Photon Correlation 


SEVERAL papers! have been published recently 
reporting an enhancement of the coincidence rate due 
to photons detected by photomultiplier tubes viewing 
coherent light beams. Here we wish to report on the 
effect of varying several of the factors which influence 
the magnitude of the enhancement, in particular the 
degree of polarization of the beam and the resolving 
time of the coincidence apparatus. The variation of 
the enhancement with spectral line width (0:006 A. 
and 0-009 A.) has been reported previously? to be in 
agreement with the theoretical predictions. 

To obtain simultaneous recording of two resolving 
times (27 = 8 10-9 see. and 4 10-9 sec.) as well 
as to simplify the running of the experiment, the 
eable switching was made automatic and new co- 
incidence circuits were designed similar to those des- 
cribed by Moody’. This change from our previous 
experimental arrangement, which used a Bell, Graham 
and Petch coincidence circuit® with manual switching, 
in addition gave improved accuracy. Long (20 » 10-9 
sec.) and zero relative delay cables were automatically 
switched every 30 seconds. The light source was an 
electrodeless mercury-198 discharge tube in a co-axial 
chamber? excited by 2450 Mce./s. radio-frequency 
power. This lamp was water-cooled, the water 
temperature being regulated at 45°C., and run near 
the maximum intensity. The 5461 A. line of mercury 
was isolated by means of Schott filters. Several types 
of experiment were performed, alternating the 
mercury-198 lamp with a high-pressure mercury lamp, 
alternating the cases of photomultipliers ‘superim- 
posed’ and displaced sufficiently for the coherence to 
drop to zero, and alternating the cases with a polar- 
izing filter in the beam and without this filter. 

The results of the experiments may be expressed in 
terms of the enhancement of the counting rate for 
zero delay over that for long delay after the attenu- 
ation corrections have been applied. These corrections 
were obtained by measuring the counting rates with 
one photomultiplier displaced so that the coherence 
factor was zero. As a check on the performance of the 
equipment a high-pressure mercury are producing a 
broad emission line (about 1:5 A. wide) was used as 
the light source several times during the course of the 
experiment. With the mercury-198 lamp (unpolarized 
light) the observed enhancement was 0:0087 + 0-0008 
for 8 x 10-9 sec. resolving time. For plane polarized 
light the predicted enhancement®:’ is twice the value 
for unpolarized light. To compare with this prediction 
a ‘Polaroid’ filter was placed between the lamp and the 
pinhole. Under these conditions (polarized light) an 
enhancement of 0:0239 + 0°0042 was _ obtained; 
2°75 + 0°73 as large as that without the ‘Polaroid’. 
For a resolving time of 4 x 10-9 see. with polarized 
light an enhancement of 0:0300 + 0°0047 was ob- 
tained; 3°45 -+- 0°86 as large as the value for unpolar- 
ized light with a resolving time of 8 10-9 see., 
compared with an expected factor of four. 

The experimental variation of enhancement with 
resolving time, polarization of the beam, and spectral 
line width have been found to be in agreement with 
Further 
experiments are being carried out in order to obtain 
increased accuracy and to obtain results under 
different conditions. 
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programme. 
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University College, 
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Experiments on the Acousto-Electric 
Effect 


PARMENTER!, and later Gurevich?, predicted that a 
single longitudinal acoustic wave passing along a 
metal or semiconductor should produce a steady 
potential difference in the material. Weinreich and 
White? and Sasaki and Yoshida! observed the effect in 
germanium. 

We have attempted to observe the acousto-electric 
effect in copper and aluminium. In our most con- 
clusive experiment, vibrations of high energy, at 
25 ke./s., produced by an ultrasonic drill were passed 
along a copper wire, and were absorbed at the other 
end by a mass of ‘Plasticine’ to prevent reflection. The 
particle amplitude of the specimen was observed under 
the microscope. The vibrations were continuous over 
the whole length of the wire from the transducer to the 
absorber, showing that no standing waves were formed. 

The acoustic energy in the wire was calculated to be 
about 9 watts, and its diameter was 0°07 em.. giving 
an intensity of 2000 watts/em?. According to Par- 
menter’s theory this should produce an acousto- 
electric e.m.f. of 400 pV./em. (For a good conductor, 
Gurevich calculated an even higher e.m.f. of 0°3 
uV./em. for each 0-1 watt/em.2 acoustic intensity.) 
In actual fact, we observed at most only 1-4 uV. ona 
specimen of 25 cm. length, and also on another of 
150 em. length. (The smallest detectable signal was 
about 0°3 uV.) As this potential difference required an 
appreciable time to appear and to disappear, it was 
probably due to heating effects. Thus the observed 
effect would be at most only a very small fraction 
(about 1/7000) of that predicted by the theory. 

In an earlier experiment high-enery pulse trains, of 
300 ke./s., were produced in a nickel magnetostriction 
tube and passed along an aluminium specimen. No 
effect was observed. 

The tests were carried out at room temperature. 


PrIROSKA SMITH (ee VERMES) 
D. O. SPpROULE 
Department of Physics, 
Birbeck College, 
University of London. 
May 29. 
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* Gurevich, L. E., Izvest. Akad. Nauk. SSSR., ser. Phys., 21, 112 (1957). 
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Intensity of the (II!) Reflexion for 
Diamond 


RECENTLY! the intensity of the (111) reflection of 
diamond was measured. A value was found which 
deviated from that given formerly? but which agreed 
with the value based on McWeeny’s? calculations of the 
atomic scattering factor for carbon. 

F-values given in the recent publication! were cal- 
culated from the experimental data using the absorp- 
tion coefficient for CuKs-radiation u./e = 4°52 as given 
in Compton and Allison, p. 802, Table 1 (1942) and also 
in D’Ans-Lax, ‘“‘Taschenbuch ftir Chemiker und 
Physiker’’, p. 83 (1949). But, since also the higher 
value of 5°50 is cited (for example, ‘Internationale 
Tabellen zur Bestimmung von Kristallstrukturen”, 
1935), and because the absorption coefficient also was 
found to vary from crystal to crystal? a determination 
of w/e was carried out on the sample used for the above- 
mentioned measurements. It was found that p/¢ 
5°56 0-14. 

With this absorption coefficient the mean value of 
1Fi11 determined by the reflection-method becomes 
2°39; and the weighted mean of all experimental 
values, that is, including the data obtained by the 
transmission method (which are independent of 1), 
is 2°35 in agreement with the former determination’. 
It must be concluded, therefore, that while for higher 
sin 0/% values the agreement of measurements and 
McWeeny’s calculations is generally good, an appre- 
ciable discrepancy is present at sin 0/2 = 0°141, that 
is, for f111 at diamond.* 

It can be shown that this is due to the fact that the 
accumulation of binding electrons between two carbon 
atoms in diamond which gives rise to the appearance 
of 222, also strengthens the intensity of 111. It does 
not influence 220, however, and the experimental value 
of fox agrees, indeed, accurately with McWeeny's 
calculation. On the other hand, f311 is expected to be 
weaker and this is also in agreement with the experi- 
mental observation?. At higher orders these effects 
fade out. The details and an extended discussion 
will be given elsewhere. 


R. Brit 
H. Bartu 


Fritz-Haber-Institut der Max-Planck-Gesellschaft, 
Berlin-Dahlem. 


R. Brill, and H. Zandy, Nature, 183, 1387 (1959) 
R. Brill, H. G. Grimm, C, Hermann and Cl. Peters, Ann. d. Phys. 5, 34 
(1939). 
> R. McWeeny, Acta Cryst, 4, 513 (1951). 
* This is also confirmed by measurements of E, W6lfel (private comu 
nication, 


Fibre Surface Replication by Rolling 


A TECHNIQUE for replicating fibres by rolling has 
been developed in these laboratories. It is onl) 
applicable to fibres which approximate to a cylindrical 
shape, such as nylon, ‘Terylene’ and wool, but with 
these it can give replicas with sufficient resolution for 
the full magnification available in light microscops 
It is not known yet to what extent the replicas ar 
suitable, either directly or in second stage form fo: 
electron microscopy. 

A glass microscope slide is dipped in ‘Necol’ cement 
(diluted with acetone to more than three times its 
volume) and allowed to dry, protected from dust. 
When it is sufficiently dry to be non-tacky, three 
lengths of fibre, each about 3 mm. long, are placed on 
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the ‘Necol’ film in a triangular array, the fibres parallel 
to the short side of the slide. Another glass slide is 
Jaid on top; then, while slowly pulling the top slide 
along so as to roll the fibres, a weight between 200 and 
500 gm. is carefully applied above the fibres to press 
them on to the ‘Necol’ film. 

‘Necol’ cement which is principally based on nitro- 
cellulose has been used so far as the replica medium. 
Other possible media are also being tried. We 
produce the steady motion of the top slide (10 mi- 
crons/sec.) by coupling it to a considerably geared- 
down ‘Drayton’ motor. 

The photographs illustrate the use of the technique 
onnylon and wool. Fig. 1 shows a replica of a scratched 
length of an undrawn nylon filament clearly demon- 
strating the repeated replication of the fibre surface. 
This technique provides a means of checking on one 
replica by the occurrence of identical detail at intervals 
across the replica, that the features reproduced are 
produced by the replication and are therefore presum- 
ably true fibre surface detail. 

The distribution of surface detail over the whole 
fibre circumference is also immediately available on 
one replica, and a better understanding of the signifi- 
cance of any particular feature is obtained. 

Fig. 2 is at a higher magnification, showing one 





complete revolution of a wool fibre. Both photo- 
vraphs are taken in phase contrast. Fig. 1 with a 
iiumerical aperature of 0:28 and Fig. 2, 0°65. 

L am indebted to Miss J. I. Tidmarsh for the photo- 
micrographs, Mr. J. F. Williams for valuable collabor- 
ation in developing the technique and to British 
Nylon Spinners Limited for permission to publish this 
communication. 

J. MoLcGaAarRD 
Research Department, 
British Nylon Spinners Limited, 
Pontypool, Mon. 
May 13. 


CHEMISTRY 


Rotational Friction Coefficients of Models 
of Tobacco Mosaic Virus and the Size 
of the Virus Particle 


Mucu valuable information about the shape of_ 
macromolecules in solution can be derived from 
hydrodynamic studies. Two recent measurements of 
the rotational friction coefficient of tobacco mosaic 
virus, by the electro-optical effect! and by flow- 
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birefringence?, have, however, led to values of the 
length that were more than 10 per cent greater than 
the length observed in the electron microscope’. 
This serious discrepancy, which is well outside the 
presumed experimental errors, could be explained by 
changes in the dimensions of the virus particle on 
drying, or by failure of the available hydrodynamic 
formule adequately to describe the actual behaviour 
of the rod-shaped particle. 

It has been generally believed that the hydro- 
dynamic behaviour of this highly asymmetric 
cylindrical particle (axial ratio 20:1) is practically 
the same as that of a prolate ellipsoid of the same 
length and axial ratio, for which an exact formula is 
available. This belief has been strengthened by an 
approximate calculation of Burgers’, which gave 
a result for the cylinder that was almost the same 
as the ellipsoid. The rotational friction coefficient, 
C, is the torque needed to make an object rotate 
about a given axis at unit angular velocity in a 
viscous fluid that has stationary boundaries at 
infinity. For a prolate ellipsoid, of semi-axes a and 6, 
Perrin obtained® (for a/b large) : 

C = 8xya'/3 [—0-50 + In(2a/b) | (1) 
For a cylindrical rod Burgers! obtained the same 
formula except that the negative constant in the 
denominator was 0-80 instead of 0:50. For an object 
with a/b equal to 20 the values of C calculated from 
the two formule differ by only 11 per cent. 

Since the Burgers’s formula is admittedly approx- 
imate, it was decided to test the validity of the 
hydrodynamic equations directly by studying models 
of tobacco mosaic virus were carefully machined from 
brass. An ellipsoid and a rod were made having an 
axial ratio of 20: 1 and a length of 10:16 em. Another 
rod of similar dimensions was made having hemi- 
spherical ends. Another cylinder had the same axial 
ratio but was half as long (5-08 cm.). Experiments 
were also made with a polymethyl methacrylate 
sphere having a diameter of 5-38 cm. 

Experimental determinations of torque were made 
by suspending the models in the centre of an oil-bath 
from fine calibrated tungsten torsion wires. Silicone 
oil was used for most of the experiments, but con- 
firming experiments were also made in a mineral oil 
of comparable viscosity. The cylindrical oil-bath 
was mounted on a turntable and rotated about its 
axis at speeds from 0:3 to 1:3 r.p.m. Torque was 
invariably found to be proportional to speed. 
Reynolds’s numbers were estimated to be far below 
the turbulent range. 

For the experimental values of C to be meaningful 
the walls of the vessel must not interfere. A rough 
estimate of the effect of the walls on the torque N 
can be obtained from an equation given by Lamb® 
for a spherical container : 

N = No N ~/670V) (2) 
where N ~ is the torque in a vessel of infinite radius, 
V is the volume of the container, and w is the angular 
velocity. One can argue from dimensional considera- 
tions that a very similar equation should also be 
valid for cylindrical containers. For the vessel used 
the error is estimated in this way as less than 1 per 
cent compared to a reliability in the measurement of 

+ 2 per cent. 

The experimental frictional coefficients are sum- 
marized in Table 1. The value for the sphere agrees 
with theory quite closely, which confirms the validity 
of the experimental procedure. The value for the 
ellipsoid is too large by an amount outside experi- 
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mental error. This is believed to be due to errors in 
the machining of the shape, since the volume of this 
model was measured and found to be about 4 per 
cent greater than expected. The rod with hemi- 
spherical ends has a frictional coefficient somewhat 
lower than the rod with square ends, demonstrating 
the importance of the geometry at or near the end 
of the rod. The data for the smaller rod are much 
less precise due to the reduction of sensitivity in the 
measurement, but they can be taken as a satisfactory 
confirmation of the a’ relationship. The most note- 
worthy point, however, is the difference between the 
rod and the ellipsoid. The data given show very 
definitely that the rotational friction coefficients for 
rods having the axial ratio of tobacco mosaic virus 
are much higher than earlier calculations indicated. 
Apparently tobacco mosaic virus cannot be ade- 
quately represented by an ellipsoidal model, since 
the friction coefficient of the rod is 56 per cent 
greater than that of the equivalent ellipsoid. Burgers’s 
approximation is also inadequate for the virus since 
it predicts only an 11 per cent difference. 


Table 1. FRICTIONAL COEFFICIENTS (DYNE/CM./SEC./RAD.) IN SILICONE 














OIL AT 25°C. 9 = 54:4 CP. 
semana eine , iReratiag maregs | 
Shape Experimental | Calculated | Ratio | 
Cc | Cc | 

Sphere 264 266-1* | 0-992 | 

Ellipsoid 198 187 -6f 1-06 
Large rod (square ends) 292 208 -5t | 1-40 | 
| Large rod (hemispherical | 

ends) 273 _ -— 
Small rod 38°7 | 26-1 | 1-48 | 





{ SEE eet oe gee | 





* Formula of Stokes. 
+ Formula of Perrin (ref. 5). 
t Formula of Burgers (ref. 4). 


S. Broersma (private communication) has recently 
made improved calculations for the rotational 
diffusion constants for cylindrical particles. His 
results indicate a value for C within 10 per cent of 
our experimental value. 

A revised length for the tobacco mosaic virus 
particle can now be calculated, assuming that C 
varies as ya? at constant axial ratio. The relevant 
data are the value of 292 for C for the rod of length 
10-16 em. in an oil of viscosity 54-4 ep., and the 
value of 1-24 x 10-1* previously found! for C for 
tobacco mosaic virus in water at 0-894 cp. The 
length of the virus particle comes out to be 3000 + 
50 A., in excellent agreement with the value of 
2980 + 10 A. found for the dry particle under the 
electron microscope’. The flow birefringence measure- 
ments of Boedtker and Simmons? now also agree. 
In these calculations we have tacitly assumed an 
axial ratio of 20, corresponding to a diameter of 
150 A., which is, in fact, the diameter of the virus 
as determined by X-ray scattering’. 

It can be concluded that the dimensions of the 
tobacco mosaic virus particle in solution are not 
significantly different from those in the dry state. 
This precludes the notion that tobacco mosaic virus 
carries with it a large, rigid, ice-like hydration shell 
as has been suggested for some proteins and nucleic 
acids®., 
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We are indebted to Prof. Broersma for showing 
us his work in advance of publication. 


A. J. HALTNER 
B. H. Zum 


General Electric Research Laboratory, 
P.O. Box 1088, 
Schenectady, New York. 

June 26. 
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A Modified Rotating-Sector Method of 
Measuring Kinetic Chain Lifetimes 


In order to evaluate the individual velocity 
coefficients for the propagation and _ termination 
reactions involved in polymerization and other chain 
processes, it is necessary to measure the lifetime of 
the kinetic chain. This is usually done by means of 
the rotating-sector method'!, or one of the non- 
stationary state methods?-*. The main disadvantage 
of the former method is that the complete determ- 
ination of a kinetic chain lifetime cannot normally 
be made with a single filling of a dilatometer, unless 
the reaction is taken beyond the initial stage which 
may lead to gel effects and other complications. .\ 
number of dilatometers are therefore usually employed 
in a single determination of a lifetime, and errors 
often occur due to difficulty in reproducing the exact 
conditions, especially when the monomer involved is 
difficult to purify. The non-stationary state methods, 
on the other hand, yield a value for the lifetime in 
<30sec. ; but unfortunately they often are inaccurate 
when lifetimes of <0-5 sec. occur, since instrumen 
lags or personal response times become particularly 
important for the very short lifetimes. The actual! 
rate measurements, however, are quite accurate in 
this range of lifetimes, and can be measured in about 
10 sec., that is, when 0-01 per cent reaction has 
occurred. By combining the two methods it is pos- 
sible to cope with lifetimes of -0-5 sec., and to carry 
out a complete determination of a lifetime of the 
kinetic chain before 1 per cent reaction has occurred. 
The method is not valid for lifetimes >0°-5 sec., since 
when flashtimes of several seconds are used the 
measurement of the rate by non-stationary state 
methods becomes inaccurate. 

The procedure employed was to measure the reac- 
tion rates for a series of different sector speeds as in 
the normal rotating-sector method!, but the rates 
were obtained from the expansion/time plots as in the 
dilatometric non-stationary state method® instead of 
the usual contraction/time curves. By so doing, it 


was possible to obtain a rate determination in 
approximately 10 sec. compared with about 20 min. 
by the contraction method. This clearly reduces the 








ia 





. 184 
howing 


TNER 


78, 3004 
80, 2550 
78, 2057 


ty”, 127 
d. Akad. 
3 (1938). 


. Press, 


9 (1941). 


of 


locity 
ation 
chain 
me of 
uns of 
non- 
ntage 
term- 
mally 
inless 
vhicl 
s. A 
loyed 
ITOrS 
2xKact 
ed. is 
hods, 
ne j 
irate 
men 
larly 
tual 
“2 in 
bout 
has 
pos- 
ITY 
the 
red. 
ince 
the 
tate 


Bac - 
S in 
ates 
the 
d of 
y, it 

in 
nin. 
the 


July 25, 1959 


No. 4682 


tent of conversion involved in a given number of 

te measurements by a factor of more than 100. 

This combined method has been used in evaluating 
thie ratio of the velocity coefficients of propagation to 
tcrmination (kp/kt) at 25° C. for the polymerizations 
of acrylonitrile in dimethyl formamide solution 
(30/70::v/v) initiated with 3-8 x 10-3 moles/I. 
azo-bis-isobutyronitrile, and of viny] chloride initiated 
by 8 x 10-2 moles/l. bromotrichloromethane. The 
values obtained were 3:4 x 10-§ and 7-1 x 10-7 
respectively. Values of the ratio of the sectored to 
wisectored rate for a number of different flash times 
obtained in vinyl chloride polymerization are given 
tozether with the theoretical plot in Fig. 1. It will 
be seen that the experimental points lie mainly on 
the theoretical curve and that the agreement is better 
than is often obtained in the normal sector method. 








_| 
~ 


Log (flash time) 


Ratio of ‘sectored’ to ‘unsectored’ rates against log 


Fig. 1. 
25° C. 


(flash time) for the polymerization of vinyl chloride at 
©, Experimental points ; —, theoretical curve 


We express our thanks to Prof. P. D. Ritchie for 
his interest in the work, to the Department of 
Scientific and Industrial Research for maintenance 
awards to two of us (S. A. M. and R. A. M. T.) and 
to the Distillers Co. for a gift of vinyl chloride. 


W. I. BENGOoUGH 
S. A. McInTrosH 
R. A. M. THomson 


Department of Chemical Technology, 
Royal College of Science and Technology, 
Glasgow. 


June 3. 
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Thermal Decarboxylation of Some 
Keto-Acid Hydrazones 


Tue 2,4-dinitrophenylhydrazones of keto-acids are 
frequently used to identify these metabolic inter- 
mediates. The clear statement by Clift and Cook! 
regarding the ready thermal decarboxylation of the 
2,.4-dinitrophenylhydrazones of oxaloacetic and aceto- 
acetic acids has sometimes been overlooked, particu- 
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larly in the use of melting points as a means of 
identification. Some of our observations bear on the 
problem. 

Oxaloacetic acid-2, 4-dinitrophenylhydrazone (I), 
synthesized by the usual procedure, when inserted into 
a bath at about 190°C. or above, melted with vigorous 
bubbling and resolidified immediately, with a final 
melting point of 214°C. The substance after resolidi- 
fication (II) was re-analysed by paper chromatography 
(n-butanol/ethanol/0°5 M ammonium hydroxide 7:1:2 
in the dark) and was recrystallized. After paper 
chromatography the spot was eluted and examined 
spectrophotometrically. Authentic samples of trans 
(III) and cs (IIIa) pyruvie acid-dinitrophenyl- 
hydrazone were prepared by the method of Katsuki 
et al.2, As shown in Table 1, (I) was decarboxylated to 





Table 1. PROPERTIES OF 2, 4-DINITROPHENYLHYDRAZONES. 
| R | Melting point 
Substance — | (deg. C., corr.) 2max.(my) 

I 10-05, 0-11 | 214 (final) 450 
II | 0:55* | 217 446 
lil | 0-55 | 217t 446 

Illa | 0-66 t 416, 530 
IV 0-57 123 (final) 433, 528 
v 0-95 123 430, 528 
Vi 0-95 | 1237 430, 528 


* With large sample a weak spot of cis-pyruvic acid-dinitrophenyl- 
hydrazone was also found. 

+ Mixed melting point of II and III, 217°C.; of V and VI, 123°C. 

¢ Melting point not sharp because of thermal isomerization to trans 
form. 


pyruvic acid-dinitrophenylhydrazone (chiefly trans) 
under these conditions. When (1) was heated slowly 
from a lower temperature, for example, 100°C., 
double melting was not observed and only the melting 
point of 214°C. was obtained. Under these conditions, 
too, chromatography showed that most of the 
hydrazone was converted to (III) during the longer 
heating. 

When acetoacetic acid-2, 4-dinitrophenylhydrazone 
(LV) was placed in the bath at about 115°C. or above, 
it melted, bubbled, and resolidified; the final melting 
point was 123°C. The resolidified material after 
reerystallization (V) also melted at 123°C. Thus, (V) 
is acetone-2, 4-dinitrophenylhydrazone as shown by 
comparison with an authentic sample (VI). This 
conversion also took place when the heating was done 
slowly from a lower temperature, but only a single 
melting at 123°C. was observed. 

The melting poimt of the 2, 4-dinitrophenylhy- 
drazones is not a reliable criterion for confirmation or 
identification of oxaloacetic or acetoacetic acids. 
Resolidification during melting-point determination 
was observed by Snell? with «-ketoisocaproic acid— 
dinitrophenylhydrazone but no explanation was 
suggested. 

This investigation was supported by Grant C-4342 
from the National Cancer Institute, U.S. Public Health 
Service. 

AMBROSE M. TOKUSHIGE 
Exton 8. Cook 


Division of Chemistry and Biochemistry, 
Institutum Divi Thomae, 
Cincinnati, Ohio. 


May 26. 


1 Clift, F. P., and Cook, R. P., Biochem. J., 26, 1800 (1932). 
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Synthesis of Boron Phosphide and Nitride 


A NOVEL technique has been found for the synthesis 
of boron nitride and phosphide involving thermal 
decomposition of halide addition compounds. Further 
work is intended on the reactions involved but the 
information thus far obtained is felt to warrant a 
brief, preliminary report for the benefit of other 
workers in this field. 

The addition compound BCl,;.PCl,; was prepared 
by refluxing phosphorus pentachloride in triethanol- 
amine and passing boron trichloride into the reaction 
mass. The white product obtained was filtered off, 
washed with ether and dried in vacuo at room tem- 
perature. Samples were then sealed into Carius’s 
tubes and heated under their own pressure develop- 
ment to about 300° C. Thermal dissociation occurred 
with the production of chlorine, some sublimation 
of the addition compound and deposition of a material 
on the tube walls. The colour of the deposit varied 
through the length of the tube and from experiment 
to experiment, from white through brown to black. 
On breaking the tube after cooling, chlorine gas 
escaped ;_ residual addition compound was then 
decomposed and washed out with water and the film 
deposit also floated out on to water. The film was 
very resistant to hydrolysis and thermal decom- 
position, and could be heated in air to temperatures 
in excess of 1,000°C. without decomposition or 
apparent loss of integrity. X-ray and chemical 
analysis showed the material to be essentially cubic 
boron phosphide. 

Further samples of the film were reheated at 
800° C. in a flowing atmosphere of 5 per cent ammonia 
in nitrogen when even the darkest tilm became white 
in colour and phosphine was evolved. X-ray analysis 
of the product showed it to be cubic boron nitride. 

Addition compound was prepared from phosphine 
and boron tribromide or trichloride. When sub- 
mitted to direct heating in vacuo, thermal dissociation 
immediately occurred, yielding again a film deposit 
of boron phosphide, but in better yield than before. 
Analysis of several specimens prepared under appar- 
ently similar conditions showed the product to vary 
between BP and B,P;. A mixture of boron phosphide 
samples produced by the second reaction was sub- 
mitted to reaction with dilute ammonia gas and 
again yielded boron nitride of cubic structure. 

Thermal decomposition of BCl;.PCl; or BBr3.PCl, 
has not yet been examined, but it is felt that similar 
results would obtain in these systems. 

The reactions involved would appear to be: 


A 
BCI, + PCI, —> BCl,.PCl, — BP + 4Cl, 


4 
BBr, + PH; — BBr;.PH, — BP + 3HBr 
BP + NH, — BN + PH, 

Addition compounds of boron and phosphorus 
halides have been known for several years, but the 
process of their thermal decomposition does not 
appear to have been investigated before. It would 
seem possible that this mode of metalloid reaction 
might also be applicable to other similar systems. 

Fuller experimental details shortly will be sub- 
mitted for publication elsewhere. 

R. C. VicKERY 


Research Chemicals Division, 
Nuclear Corporation of America, 
P.O. Box 431, 

170 West Providencia, 
Burbank, California. 
April 28. 
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3,4,w-Trihydroxyacetophenone 3-methyl 
Ether in Adrenal Extracts 


In the course of the isolation of aldosterone from 
adrenal gland extracts (‘Eucortone’, Allen and 
Hanbury), the English authors detected a compound 
with properties similar to aldosterone in certain paper 
and column partition systems. This compound had 
ultra-violet absorption peaks at about 230 my and 
280 my and gave a positive reaction with the FeCl;- 
K3Fe(CN)s reagent. It therefore seemed probable 
that it was phenolic!. It also gave a blue fluorescence 
on irradiation with ultra-violet (compound X)? and 
reduced blue tetrazolium at about the same rate as 
steroids having an «-ketol side chain. The compound 
ran as though slightly more polar than aldosterone in 
the Bush Bs; paper system and could be completely 
separated from the steroid by column chromatography 
using the same solvent system?. 

Preliminary work‘ on a very small scale led to the 
conclusion that aldosterone did not absorb maximally 
at 240 mu. It now seems likely that this was due to 
the presence of the phenol as a contaminant. The 
combined peaks of the phenol and aldosterone at 230, 
240 and 280 my tend to give a flat absorption curve 
obscuring the single peak of the steroid. On separation 
of the phenol from aldosterone on the column, the 
steroid had maximum absorption? at about 240 mu. 

A fairly pure sample of the phenol, which was not 
crystalline, was sent to the Swiss authors who later, 
during large-scale isolation work on aldosterone using 
freshly frozen adrenal glands as source of material, 
isolated the compound in crystalline form and 
determined its structure as 3,4,w-trihydroxyaceto- 
phenone 3-methyl ether. This has been confirmed by 
synthesis. The later work will be reported in detail 
elsewhere.5 

J. von Euw 


T. REICHSTEIN 
Organisch-chemische Anstalt, Basel. 


R. NEHER 


A. WETTSTEIN 
CIBA, Basel. 


J. F. Tarr* 
S. A. S. Tarr* 


Middlesex Mospital Medical School, London. 
May 29. 
* Present address: Worcester Foundation for Experimental Biology, 
Shrewsbury, Mass. 
1 Tait, J. F., Ciba Foundation Colloquia on Endocrinology, 7, 201 (1953 
2 Simpson, 8. A., and Tait, J. F., Mem. Soc. Endocrinol. No. 2, 4 (1953). 
3 Bush, I. E., Biochem. J., 50, 370 (1952). 
‘ Grundy, H. M., Simpson, S. A., and Tait, J. F., Nature, 169, 759 (1952). 
5 Euw, v. J., Neher, R., Reichstein, T., Tait, J. F., Tait, 8. A. S. and 
Wettstein, A. (Helv. Chim, Acta in the press). 


Incorporation of DL-[2-14 C] Mevalonic 
Acid Lactone into Polyisoprene 


THE incorporation of DL-3-hydroxy-3-methyl-[2- 
4C] pentano-5-lactone (pu-[2-4C] mevalonic acid 
lactone) (MVA) into cholesterol in rat-liver homo- 
genates was first demonstrated by Tavormina, 
Gibbs and Huff!. Subsequent work showing that 
this lactone is incorporated into squalene? and 
8-carotene® supported the view that mevalonic acid, 
or a derivative containing the same branched carbon 
atom structure, is directly involved in the biosyn- 
thesis of a wide range of polyisoprenoid compounds. 
Park and Bonner‘ showed that when MVA is incubated 
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with freshly tapped Hevea latex it is incorporated 
into polyisoprene, although the reported efficiency of 
conversion was only about 2 per cent. Gascoigne 
and Jones® however were unable to observe the 
meorporation, in vitro, of MVA into rubber with the 
Lid of fresh latex. We now wish to report an inves- 
tigation which fully confirms the conclusions of Park 
ad Bonner. 

In our preliminary experiments, in which MVA 
was incubated with diluted fresh Hevea latex, no 
ppreciable activity was detectable in the rubber. 
lowever, when undiluted fresh latex was used as 
‘scribed below, the MVA was converted into 
lyisoprene with an efficiency considerably higher 
ian has been reported hitherto ; it was also estab- 
hed that the polyisoprene formed was of high 
olecular weight. 

Two aliquots of freshly tapped undiluted latex 
om 7-year-old seedlings of Hevea brasiliensis were 
incubated with MVA under the conditions shown in 
Table 1. Each reaction mixture was then coagulated 
vith methanol and a weighed portion of the coagulum 
‘as placed in compartment X of the extraction 
apparatus (Fig. 1). This was constructed so as to 
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Magnetic Stirrer 

Fig. 1. Extractor 
reduce manipulative losses in the subsequent treat- 
ment of the rubber. The coagulum was dispersed 
over the walls of the central portion of X by slow 
rotation of the vessel after the addition of oxygen- 
tree chloroform, care being taken to prevent the 
rubber from coming into contact with the sintered 
class dise. After removal of the chloroform in vacuo, 
the dry rubber film was weighed in situ and extracted 
with acetone for 24 hr. to remove unreacted MVA 
and other non-rubber components. The soluble 
fraction of the rubber was dissolved in chloroform- 
ethanol (97:3 w/w), intermittent operation of the 
magnetic stirrer causing the level of solvent in the 
suter tube to rise to Y and then fall. This ensured 
ficient extraction of the film, insoluble material 
being retained above the sintered glass disk. 

To remove any compounds of low molecular 
weight, the rubber solution was dialysed against 
three changes of the chloroform/ethanol solvent in 
alkali-pre-treated cellophane tubing which was 
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readily permeable to {-carotene but practically 
impermeable to polymers with molecular weights of 
about 100,000. Subsequent experiments also showed 
that mixtures of 8-carotene and natural rubber could 
be separated quantitatively using the same membrane. 
The rubber was then ozonized in ethanol/chloroform 
(1:3 v/v), the ozonide being decomposed with a 
mixture of hydrogen peroxide and formic acid®, and 
the product converted to the 2: 4-dinitrophenyl- 
hydrazone. The latter was purified via the sodium 
salt. After two recrystallizations from aqueous 
acetic acid, this material had a melting point of 
199-200° C. (uncorrected) and gave a single spot of 
the same Fr value as authentic levulinic acid dinitro- 
phenylhydrazone (LADNP) when chromatographed 
on paper with n-butanol/ethanol/ammonia as the 
solvent’. Isotope dilution of the recrystallized 
levulinic acid dinitrophenylhydrazone, using an 
authentic sample of inactive material, and recrystal- 
lization of the mixture from ethanol/pyridine, also 
indicated a high degree of purity for the final active 
levulinic acid dinitrophenylhydrazone. All radio- 
chemical assays of the various rubber fractions 
and the derived levulinic acid dinitrophenylhydra- 
zone’s (Table 1) were carried out using a standard 
gas-counting technique, with a counter having an 
efficiency of 45 per cent. 


Table 1. INCORPORATION OF MVA INTO POLYISOPRENE 


a aaa — ao : 





| Experiment 1 Experiment 2 





| Weight of latex _ ake *s ae 
| (mgm.) 613 707 


























| 
| 

Weight of MVA 

| (mgm.) . 0-58 (2 -67ue.) 0-67 (3 -08yc.) 

Time of incubation 

(min.) 30 | 360 

Temperature of | 

|_ incubation (° C.) 20 | 28 

| Weight of dried | } 
coagulum (mgm.) 295 | 312 | 

Weight of | Activity | Weight of | Activity | 
fraction | c¢.p.m./ fraction ¢.p.m./ 
as per m.mole asper | m.mole | 
cent of active cent of | active 

coagulum carbon | coagulum | carbon 
weight | dioxide* | weight | dioxide* 

é ee ee eee GE Eases Psa (Bee es 
Dried coagulum 100 — 100 | 17,490 
Extracted coagu- | | 

; lum 98 — | 98 _ 
Chloroform in- 

' solubles 10 — | 14 | 17,920 | 
Chloroform soluble | | 

rubber (before } | 
| dialysis) 88 1,360 | 84 | 14,125 | 
| Chloroform soluble | | 
rubber (after | j | 
dialysis) — 1,459 | — | 15,600 | 
LADNP purified | 
via sodium salt 65 | 63 14,890 
| LADNP twice | | 
| recrystallized — ; 14,630 ! 

LADNP after | | 

| isotope dilution = 14,600 


* Corrected for any inactive carbon atoms introduced. 


The results of experiment 2 show that the soluble 
rubber (84 per cent w/w of the coagulum) was 
converted to levulinie acid dinitrophenylhydrazone 
in 75 per cent yield. The fact that a highly purified 
sample of the latter had at least 93 per cent of the 
specific activity of the dialysed rubber shows that 
the active constituent had been degraded to levulinic 
acid in a similar yield. There is little doubt that only 
polyisoprene could give levulinic acid with such 
efficiency. The increase in [!C]-activity of the 
rubber after dialysis indicates the removal of some 





270 NATURE 


active material of low molecular weight. Spectro- 
scopic analysis shows that carotenoid material was 
removed by the acetone extraction, and none was 
present in the chloroform-soluble rubber (limit of 
detection less than 10 ygm. per gm. of rubber). The 
increase in [!4C]-activity with time of incubation is 
further strong evidence that enzymic conversion of 
MVA occurred rather than physical adsorption of 
impurities on the rubber. Taking the corrected value 
of 14,600 c.p.m./m.mole of active carbon dioxide for 
the purified levulinic acid dinitrophenylhydrazone 
from experiment 2, and assuming all the carbon in 
the dialysed rubber was polyisoprenoid, calculation 
shows that 9-3 per cent of the mevalonic acid lactone 
was transformed into chloroform soluble polyisoprene 
of high molecular weight. 

We wish to thank Prof. M. Stacey and Dr. E. G. 
Cockbain for their interest and encouragement. 


R. G. O. Kexkwick 
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Birmingham 15. 
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The British Rubber Producers 
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Herts. 
April 17. 
1 Tavormina, P. A., Gibbs, M. H., and Huff, J. W., J. Amer. Chem. 
Soc., 78, 4498 (1956). 
? Cornforth, J. W., Cornforth, R. H., Popjak, G., and Youhotsky- 
Gore, I., Biochem. J., 66, 10P (1957). 
° Braithwaite, G. D.,and Goodwin, T. W., Biochem. J., 67, 18P (1957)- 
* Park, R. B., and Bonner, J., J. Biol. Chem., 238, 340 (1958). 
5 Gascoigne, J. A., and Jones, P., Nature, 188, 819 (1959). 
* Bailey, P. S., Indust. Eng. Chem., 50, 993 (1958). 


BIOCHEMISTRY 


O-Phosphorylated and Unphosphorylated 
Peptide-Substrates suitable for 
Tryptic Action 


A PREVIOUS communication reported the synthesis 
and action of trypsin on «-carbethoxy-L-lysyl-L-seryl- 
glycine and its O-phosphorylated analogue!. The 
striking resistance of the latter to the action of 
trypsin throws additional light on the unusual 
resistance of various phosphopeptides obtained from 
easein. It was, however, felt to be of interest to 
further investigate the inhibitory role of the O-phos- 
phoric acid residue of serine along different lines. 

First it was felt necessary to exclude the possibility 
that a lysylserine sequence is not attacked by trypsin 
unless the hydroxyl group of serine is free. Therefore, 
«-carbethoxy-L-lysyl-L-(O-acetyl)serylglycine was 
synthesized as follows. «-Carbethoxy-L-lysyl-L-seryl- 


glycine benzyl ester! was treated with 100 per cent 
excess of acetic anhydride in dry pyridine to produce 
« - carbethoxy - (ec - carbobenzoxy) - L - lysyl - (O - 
acetyl)serylglycine benzyl ester (I), melting point 
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163-164° C., [a«]*—17-6° (c, 1-7 in acetic acid), 
almost in quantitative yield. Analysis calculated for 
C3,H4 oN 4,049, C 59-22, H 6-4, N 8-9; found, C 59-60, 
H 6-61, N 9:04. Hydrogenolysis of I afforded 
«-carbethoxy-L-lysyl-L-serylglycine (II) with an [«]*; 
value of —22-5° as a 1 per cent solution in water. 
Compound II was incubated with trypsin in 0:2 VM 
tris(hydroxymethyl) aminomethane hydrochloride 
buffer pH. 8-25 at 25° C. Ascending paper chromaio- 
graphy in butanol/acetic acid/water (4: 1 : 5) revealed 
complete splitting of the lysylserine bond in the above 
tripeptide derivative after 30 min. When the course 
of the hydrolysis was followed by colorimetric 
ninhydrin analysis*, surprisingly enough, a decrease 
in the colour yield was observed after 3 min. (Fig. 1). 
This could be well explained on the assumption that 
the amino-group of the O-acetyl-L-serylglycine, 
resulted from the cleavage of IT, was gradually masked 
by an O-+N acetyl shift. To confirm this hypo- 
thesis, O-acetyl-L-serylglycine was synthesized by 
acetylation of carbobenzoxy-t-serylglycine benzyl 
ester‘ in a manner similar to that described for the 
synthesis of I. Hydrogenolysis of carbobenzoxy-L-(O- 
acetyl)serylglycine benzyl ester, melting point 113- 
116° C., afforded O-acetyl-t-serylglycine (III) with 
an [a] value of +5° as a 1 per cent solution in 
water. Paper chromatography in _ butanol/acetic 
acid/water (4: 1:5) revealed one ninhydrin-positive 
spot. 

Samples of III were tested under the experimental 
conditions used for the enzymic digestion of II. A 
similar decrease in the colour yield, either in the 
presence or the absence of trypsin was also detected 
(Fig. 2). This again is in agreement with the assumed 
O-—N migration of the acetyl group and strongly 
supports the following series of reactions : 


¢ Trypsin 
Carbethoxy-L-lysyl-L-(O-acetyl)serylglycine Sea 
p 25 
Carbethoxy-t-lysine + O-acetyl-L-serylglycine 


25 
ae 


O-Acetyl-L-serylglycine / = ¢ N-acetylserylglycine 

Guttmann and Boissonnas’ have also mentioned 
an O--N acetyl shift in the case of O-acetyl-1- 
seryl-L-tyrosine over pH 7. 

As the next step it was of interest to study the 
effect of an uncharged phosphoric acid derivative 
attached to the hydroxyl group of «-carbethoxy-! 
lysyl-L-serylglycine. 

Though there are several analogues that come to 
mind, the one having a dizsopropylphosphory] residue 
at this position held special interest to us. For its 
preparation «-carbethoxy-(¢-carbobenzoxy)-t-lysyl-1- 
serylglycine benzyl ester! was treated with 100 per 
cent excess of ditsopropylfluorophosphate in dry 
pyridine to give «-carbethoxy-(<e-carbobenzoxy)-1 
lysyl-L-(diisopropy}phosphory])serylglycine benzy! 
ester, (IV), melting point 175-176° C.  Analysi: 
calculated for C,,H;,N,0,., N 6:91; found, N 6-80. 
Hydrogenolysis of IV produced «-carbethoxy-t-lysy]- 
L-(ditsopropylphosphory])serylglycine (V) with an 
[«]*5 value of —23°as a 1 per cent solution in water. 

When V was subjected to the action of trypsin for 
30 min. and the incubation mixture was then checked 
by paper chromatography, the lysylserine bond was 
found to be almost completely hydrolysed. In this 
connexion it was ascertained that the substrate \ 
suffered no loss of its diisopropylphosphory] residu: 
by §-elimination® under the experimental conditions 
described here. 
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ae The course of the enzymic hydrolysis of V_ by Work is in progress on the inhibitory spectrum of 
9-60 ypsin was also followed by colorimetric ninhydrin the O-phosphoric acid residue of serine. 
wided nalysis’, the result of which is indicated by Fig. 1. This work was supported by grants from the 
[o]?; Swedish Medical Research Council to Prof. O. 
rater. Mellander. 
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0 . Unidentified Growth Factors 
0 5 10 15 “—" 25 
ntal 
A Time (min.) Ir is well known that spent wash (the liquor re- 
the maining in the whisky still after distilling the spirit) 
cted Fig. 1. | Hydrolysis of various a-carbethoxy-L-lysyl-L-seryl- contains factors which increase the growth of chicks. 
glycine derivatives (0-01 M) with trypsin (0-017 mgm. N/ml., bali . : 
med rystallized twice. 50 per cent MgSO,, Lot 3388 Mann) in This growth promotion appears to be unrelated to 
agly 0-2 M tris buffer, pH 8:26 at 25°C. (i, aca -L-lysyl- mineral components!, and although complementary 
)-diisopropy iphowphorz!)- -L-serylglycine ; a-carbethoxy-L- ‘ = aaa . eau weigi* : 
lysyl-L-serylglycine; @, a-carbethoxy-L-lysyl-(O-acetyl)-L-seryl- to the effect of penicillin in chick feed?, it may similarly 
is glycine result from changes in the gut flora’. 
ae In an attempt to test this theory, chicks were fed 
} 25 with a control diet supplemented with procaine 
penicillin or with malt distillers dried solubles (made 
; slit from spent wash). Comparison of the duodenal con- 
sed catalina tents of chicks fed with either type of supplemented 
apa o diet, or with the control diet, revealed a shift for both 
ned = types of supplement in the balance of bacterial flora, 
T- > * in ‘favour of a lactobacillus type. Suppression of 
2etTs sensitive micro-organisms seems to be a likely 
th : Ce explanation for the shift caused by the penicillin- 
Ave = 9-3F eg supplemented diet; on the other hand direct stimu- 
fis : 7 lation of lactobacilli by malt distillers dried solubles 
© 0 is a more likely explanation on the other diet. 
— = 02T "es The dominant type of lactobacillus culture was iso- 
tu : ee” = lated from the duodenum of chicks fed with distillers 
ai O1F 7 ae dried solubles, and used in a rough microbiological 
- WOO 040558 ‘ assay for comparing sources of growth factors. It was 
49 1 \ 1 1 1 1 confirmed that malt distillers dried solubles acted in 
h 0 5 10 15 20) 25 30 vitro as a microbiological growth factor. Other feed 
1 TI ; additions such as molasses distillers dried solubles, 
ZV ime (min.) ‘ . een 
my dried yeast and dried whey acted similarly by en- 
30 ig. 2. 0-01M solution of O-acetyl-L-serylglycine in 0-2 M tris hancing the growth of the lactobacillus (although in 
i. ike ee tice ut ies, an Ce 22 mgm. 2 os varying degree); and when these additives were given 
7 trypsin added to chicks, stimulation of the chick growth occurred 
i (folowing communication) correlating with the 
~ microbiological test. 
for Thus it appears that a substituted and uncharged Further estimation of the number of lactobacillus 
_ phosphoric acid residue at the vicinity of the trypsin- types in the duodenal flora (by Sharpe’s method?) 
si sensitive peptide bond does not even retard the showed that the increase attributable to the supple- 
his hydrolysis of this particular bond by means of ments was considerable (about 100 fold; a difference 
\ steric effect. However, a phosphoric acid residue at which is significant at the 1 per cent probability level) 
- this position, probably due to its negative charge’ _ in birds receiving distillers dried solubles or molasses 


sia renders the susceptible peptide bond resistant to distillers dried solubles. Chicks and lactobacilli gave 
tryptic action. growth responses for both additives which were 
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roughly comparable. Further work is in progress, and 
it is hoped to publish a more detailed account else- 
where. 

K. A. ALLEN 


J. STEPHENS 


The Distillers Company Limited, 
Research and Development Department, 
Great Burgh, Epsom. 


W. P. JAFFE 


University of Bristol Veterinary School, 
Langford, Somerset. 


J. A. WAKELAM 


National Chemical Products Limited, 
172/3 Tottenham Court Road, 
London, W.1. 

June 30. 
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* Wakelam, J. A., and Jaffe, W. P., Brit. J. Nutr., 12, 147 (1958). 
* Coates et al., J. Sci. Food Agric. 3, 43 (1952). 

* Sharpe, M. E., J. Appl. Bact. 18., 2 (1955). 


Unidentified Chick Growth Factors 


The previous communication refers to a tentative 
microbiological assay method for certain unidentified 
chick growth factors, based on their growth stimu- 
lating effect on a strain of lactobacillus isolated from 
chicks receiving distillers dried solubles in their diet. 
This method derives from the hypothesis that the 
growth factors act by modification of the microbial 
flora of the chick’s gut. 

Among materials submitted to the tentative 
microbial assay were fish meal, dried unextracted 
brewers yeast, dried whey and molasses distillers 
dried solubles. The latter material is obtained by 
vacuum evaporation and subsequent spray drying of 
the liquid remaining in the still following the distil- 
lation of ethyl aleohol produced by the yeast fermen- 
tation of molasses. Of these four materials only the 
first (fish meal) failed to elicit a marked response from 
the lactobacilli. 

Using the purified diet which has been detailed 
elsewhere!, we endeavoured to confirm these findings 
with chicks. Eight diets, as shown, were used in an 
effort to demonstrate whether or not such growth 
factors as may be present in the various additives 
were the same. The chicks were housed in two 
electrically heated, thermostatically controlled 
brooders with one replicate of each diet in each 
brooder. Each replicate consisted of 25 Rhode Island/ 
Light Sussex cockerels and the birds went into the 
units as day olds. The results obtained are given in 
Table 1. 

There were no significant differences between diets 
2, 3, 4 and the corresponding double additive diets 
6, 7, 8 except that, at 4 weeks only, the mean weight 
increase on diet 6 was significantly higher (at the 
5 per cent level) than diet 2. 

Examination of the feed intake figures showed 
considerable differences and when the above results 
were adjusted to a common feed intake by the use of 
regression coefficients the growth response to fish meal 
disappeared whilst the other responses remained, 
albeit at a lower level. These results will be discussed 
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Table 1. 





Diet Mean weight increases (gm.) 
Week 1 Week 2 Week 3 Week 4 Week 4 
djuste.| 
1. Control .. < 41:8 1156 229-4 3728 383-5 
2. Control + 5% fish 
meal - sis 47-2 1253 256-0f 395-2 392-5 
3. Control + 28% 
dried whey ops 51-6 136-0 262-2 414-:8* 418-8} 
4. Control + 24% 
dried yeast es 50°8 135-8 266-8 421-8* 425-4+ 
5. Control + 24% 
molasses distillers 
dried solubles (ethyl 
concentrate) es 53-7 137.6 271-4 423-2% 420-94 
6. Control + 23% E.C. 
+ 5% fish meal . 48-0 134-2 260-6 421-3* 421-4} 
7. Control + 23% E.C. 
+ 24% dried whey 51-4 135-2 265-4f 430-°8* 424-9} 
8. Control + 23% E.C. 
+ 24% dried yeast 55-0 145-1f 272-8 433-6* 426-0 
Standard error of mean 
weight increases .. 4-2 65 8-6 8-2 





* Differences from control significant at 0-1 per cent probability level 
+ Differences from control significant at 1 per cent probability level. 
t Differences from control significant at 5 per cent probability level. 


in more detail elsewhere but it appears that under our 
conditions fish meal acts only as a source of known 
nutrients (provided already in the control diet) and as 
an appetite-stimulating factor. On the other hand, 
responses are obtained to dried yeast, dried whey and 
molasses distillers dried solubles which are evidently 
due to an unidentified growth factor common to them 
all. It has also been established by other work 
including chick growth trials and the direct exami- 
nation of gut flora that malt distillers solubles and 
molasses distillers solubles are directly equivalent in 
terms of unidentified growth factor activity. All these 
conclusions are consistent with the findings of the 
tentative microbial assay discussed in the com- 
munication already referred to, to which this letter is 
complementary. 
J. A. WAKELAM 


National Chemical Products Limited, 
172/3 Tottenham Court Road, 
London, W.1. 


W. P. JAFFE 


University of Bristol, 
Langford House, 
Langford, Bristol. 
June 17. 
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Heterogeneity of Human Feetal 
Hemoglobin: 
Incidence of Foetal Variants in 
Singapore 


THREE variants of foetal hemoglobin have so far 
been described primarily on the basis of electrophor- 
etic mobility. These are known as: ‘Fessas and Papas- 
pyrou’ type!, ‘Bart’s’ type?, and ‘Alexandra’ type’. 
The ‘Fessas and Papaspyrou’ type appears to be 
relatively common and reports of its incidence have so 
far appeared from Singapore‘ and Indonesia‘. ‘Bart’s’ 
hemoglobin has been identified in specimens from 
Texas (Dr. R. Schneider) and Thailand (Dr. 5S. 
Tuchinda) (Drs. J. A. M. Ager and H. Lehmann, 
personal communication) and in one sample from 
Singapore. 
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During the period March 1958-March 1959, 2517 
ood samples were obtained from the umbilical cord, 
birth, of babies delivered at the Kandang Kerbau 
.aternity Hospital, Singapore and the British Military 
ospital, Singapore and submitted to filter-paper 
ctrophoresis using a horizontal arrangement with 
filter paper (Whatman 3 MM) sandwiched 
tween glass plates treated with silicone grease*. The 
0d samples were collected in potassium oxalate 
ttles and prepared by washing twice in 0°9 per cent 
ueous solution of sodium chloride, laked with a 
lume of water, shaken manually with half a volume 
o: toluene and centrifuged (2500 r.p.m.) till a clear 
h:-moglebin solution was obtained. 


© 


a 


[t soon became clear that small amounts of fast- 
ving and slow-moving pigments (appearing as a 
nt yellow-coloured front and trail) were present 
in most samples in addition to the dark red band 
vhich contained the hemoglobins A + F. These 
minor fractions could be demonstrated well on staining 
ith a protein stain (bromphenol blue) or with a 
nzidine reagent (pseudoperoxidase reaction) as 
scribed by Liang’. The incidence of visually detec- 
ible fast and slow fractions in unstained electro- 
shoretograms is shown in Table 1. The amount of 


s ae) 


ale > Ok = 


ible 1. INCIDENCE OF ABNORMAL H2MOGLOBINS IN CORD BLODO 
SAMPLES IN SINGAPORE, 





‘Fessas and | 


Ethnic Number | Papaspyrou’ ‘Bart's’ | ‘Alexandra’ 

group | studied | type | type | type 
Chinese. | 192 =| = 63 ““e- Y ‘| 
Malay 162 | 3 | 2 | 
European were ; | 1 | - | . 4 
Indian ..| 222 | += | — | | 
Eurasian .. 10 | ; | 1 
Nepalese .. {19 | = | 
(Gurkha) 

Total .. | 2517 — | ~ 68 ae 12 





fast- or slow-moving pigments in these samples varied 
hetween 8 and 20 per cent of the total haemoglobin when 
letermined by a dye-elution method, while in the two 
samples listed under ‘Bart’s’ type, the fast fractions 
iccounted for 24-25 per cent of the total haemoglobin. 
In the majority of cases when insufficient amounts of 
ast or slow pigment were present to be detected by 
inspection of the wet or dried untreated electropho- 
etograms with the naked eye, staining with bromo- 
phenol blue or benzidine produced evidence of the 
presence of small amounts of these fractions. The 
electrophoretic mobilities of these fractions appearing 
on staining were very similar to those of the fast- or 
‘ow-moving fractions listed in Table 1 under ‘Fessas 
nd Papaspyrou’ type and ‘Alexandra’ type. At 
H 8:6, on paper electrophoresis, using veronal buffer, 
he fast fractions had the mobility described by Fessas 
and Papaspyrou! being slower than hemoglobin H 
end a shade slower than hemoglobin J, while the slow 
ractions migrated just ahead of H or Ae and just 
lower than S or D. At pH 6°5, the fast fraction had a 
‘efinitely anodal mobility though much less than that 
of hemoglobin H. No abnormal hemoglobins were 
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detected in either of the parents when these were 
available for study. On starch block electrophoresis 
the mobilities were very similar to those noted on 
paper. 

The presence or absence of the slow or fast fractions 
did not appear to be related to the sex or body-weight 
of the infant from which the blood had been obtained 
or to the content of alkali resistant haemoglobin 
(measured as described by Chernoff*). In a study of 
more than 100 children between the ages of a few days 
and six months who were being investigated for 
anzemia with or without jaundice in the Paediatric 
Unit of the General Hospital, Singapore, during the 
same period, in only one instance was a fraction 
(approximately 15 per cent of the total) identical in 
mobility with the Fessas and Papaspyrou type noted 
(FC 372, Figs. 1 and 2). The child was treated in 


~ 1+ 





Fig. 1. FC 372 compared against hemoglobins A and J. pH 8:6, 
veronal buffer. Note mobility of fast fraction, slower than that of J. 


a eee 





Fig. 2. FC 372 compared against a sample containing ‘Bart’s’ 
hemoglobin. pH 8-6, veronal buffer. Note mobility of fast fraction, 
distinctly slower than ‘Bart’s’. 


hospital for severe anwmia and jaundice which 
developed 12 days after birth, but since his erythrocytes 
were found to be deficient in the enzyme glucose-6- 
phosphate dehydrogenase, which is known to be related 
to drug-induced hemolytic anzemia, the anemia can- 
not safely be considered to be a consequence of the 
. presence of the fast hemoglobin’. It thus seems that 
small amounts of fast- and slow-moving hemoglobin 
fractions are present in the cord blood of the majority 
of new born babies and that in certain individuals, for 
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comparison of FC 890 against 
pH 8-6, veronal buffer. 


Fig. 3. Direct 
‘Bart’s’ hemoglobin. 


no apparent reason, the amount of these fractions may 
increase so as to account for up to about 20 per cent 
of the total hemoglobin. This picture is closely 
similar to that widely accepted for hemoglobin A. 
Normal adult hemoglobin is a heterogeneous mixture 
consisting of at least three variants (A1, the major 
component, Az and As, the minor components), of 
which the minor components can be demonstrated on 
filter paper electrophoresis by staining with a protein 
dye’. 

In two samples, obtained from Chinese male newly 
borns, a faster fraction was noted on paper electro- 
phoresis at pH 8°6. This separated well from the main 
component (mixture of A and fF), and had a mobility 
faster than that of hemoglobin J but slower than that 
of H. It was possible to send one of these samples 
(FC 890) to Drs. Ager and Lehmann in London for 
further study. On paper electrophoresis at pH 8°6 the 
mobility was found to be that described above. On 
ion-exchange resin chromatography, the fast com- 
ponent moved faster than H which is the position 
described for ‘Bart’s’. Actual comparisons against 
‘Bart’s’ hemoglobin revealed the identity of the two 
specimens. The ultra-violet absorption spectrum of the 
fast component in FC 890 revealed the tryptophan 
fine-structure band of hemoglobin F. 

A further indication that the ‘Fessas and Papas- 
pyrou’ type of hemoglobin is a normal minor com- 
ponent of human foetal hemoglobin is obtained from 
the work of Fessas and Mastrokalos!®. Using a starch- 
gel electrophoresis technique these workers have 
found, in all sampes of cord blood studied, a well- 
defined zone which gives a positive pseudoperoxidase 
reaction, which amounts to 0°5-1:0 per cent of the 
total hemoglobin and which has an electrophoretic 
behaviour which corresponds very closely to that of the 
‘Fessas and Papaspyrou’ type. Both this variant and 
the ‘Alexandra’ (slow-moving) hemoglobin may thus 
represent abnormal amounts of fractions which are 
normally present only in small amounts. The ‘Bart’s’ 
hemoglobin may represent a truly abnormal variant of 
foetal hemoglobin. In electrophoretic behaviour at 
pH 86 it differs noticeably from the ‘Fessas and 
Papaspyrou’ type, in being definitely faster and having 
the mobility, at pH 8-6, described for hemoglobin N?. 
lt occurs at a much lower incidence, only two cases 
having been detected in this study and when present 
amounts to some 24-25 per cent of the total hamo- 
globin. 

I am grateful to Dr. H. Lehmann of St. Bartholo- 
mew’s Hospital, London and to Dr. J. A. M. Ager of 
St. Thomas’s Hospital, London for continued interest 
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in this work and for help in identifying the sample 
FC 890 as ‘Bart’s’ hemoglobin. Mr. Stephen Panz 
rendered valuable technical assistance during this 
work. 


F. VELLA 


Department of Biochemistry, 
Faculty of Medicine, 
University of Malaya in Singapore. 
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Biosynthesis of Chondroitin Sulphates 


LittLeE information is available regarding the 
biosynthesis of acid mucopolysaccharides. Knowledge 
of biosynthetic pathways to the chondroitin sulphates 
in particular is practically confined to the fact that 
glucose is utilized for both the hexosamine and uronic 
acid moieties! and that 3’—phosphoadenosine 5’- 
phosphosulphate (PAPS) is involved in sulphate 
transfer?. Uridine intermediates are thought to take 
part by analogy to the synthesis of chitin, cellulose. 
and hyaluronic acid?. 

This communication describes the effect of the 
addition of various mucopolysaccharides on_ the 
biosynthesis of chondroitin sulphate (CSA) in an 
isolated enzyme system. 

One of the mucopolysaccharides isolated fron: 
cornea by Meyer and co-workers* was the sulphate- 
free chondroitin, the Cy hexosamine epimer of hyalur- 
onic acid. They suggested that chondroitin was 
probably the precursor of chondroitin sulphate, th: 
polymer being first formed and then sulphated. In « 
particle-free enzyme system derived from chic! 
embryo condyles, chondroitin did not act as at 
accepter of sulphur-35 labelled sulphate however’. 
This system is able to synthesise chondroitin sulphat 
when incubated with adenosine triphosphate an 
magnesium chloride?. 

When a partially purified sample of umbilical cor 
hyaluronic acid was tested in this enzyme system 
strong stimulation of chondroitin sulphate synthesi 
resulted. Hyaluronic acid itself does not occur as 2 
sulphate ester so that one possible interpretation 0! 
this result was that sulphation occurred at C4 of th: 
glucosamine moiety with inversion at this position t« 
yield the galactosamine sulphate, namely, CSA-A. 
Chemical fractionation of a saline umbilical cord ex- 
tract however yielded hyaluronic acid (containing 
protein) and a mucoprotein rich in sulphate (SMP) 
Stimulation of chondroitin sulphate synthesis wa: 
associated with this sulphated fraction—the hyalur 
onic acid fraction was without effect. The SMP had a 
electrophoretic mobility about half that of pur 
chondroitin sulphate on paper and was strongl) 
metachromatic. When the paper was cut up inte 
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sections, eluted and the eluates tested for stimulating 
power, activity was found to correspond with the 
1.etachromatic zone. After treatment of the paper 
«leetrophoretogram with chlorine followed by starch/ 
potassium iodide, a band was evident which was super- 

posable with the metachromatic band obtained by 

ining with toluidine blue. Both reagents showed a 
slizght zone at the origin. Free protein is then probably 
al sent, the mucoprotein migrating as a stable covalent 
compound. 


When SMP was digested with proteolytic enzymes 
a free mucopolysaccharide was obtained which was 
identified as CSA-C. ([x],,~i6°. Ratios hexosamine/ 
uronic acid/nitrogen/sulphur/acety1 : 1:0/1:1/0°97/0°81/ 
1:2. The hexosamine was identified as galactosamine.) 
CsSA-C has previously been shown to occur in um- 
bilical eords®. Stimulating activity of the SMP and the 
CSA-C were of the same order on a weight. basis. 
CSA-C isolated by enzymatic digestion of the cord 
residues also stimulated to the same degree (ratios 
hexosamine/uronic acid/nitrogen/sulphur : 1:0/0°91/ 
1-04/0°91.) In addition, stimulation resulted when 
active sulphate, 3’-phosphoadenosine 5’-phospho- 
sulphate labelled with sulphur-35, was used as a tracer 
in place of sulphur-35 labelled sulphate?»>. Activity 
varies with the particular enzyme extract used, the 
inaximum degree of stimulation so far found has been 
3:5 times the control. 


CSA-A isolated from bovine trachea by alcohol 
fractionation ([%],,~34°: ratios hexosamine/uronic 
acid/nitrogen/sulphur : 1°0/1-07/1-04/0°95) and further 
identified by its infra-red spectrum,’ was found to have 
a low degree of stimulation compared to CSA-C. 
The reality of this was born out by the fact that the 
more soluble alcohol fraction obtained from the 
separation of the trachea chondroitin sulphate mixture, 
was strongly stimulating. This fraction contains 
the CSA-C present in the cartilage and was confirmed 
to be a mixture of CSA-A and CSA-C by its infra-red 
spectrum. Since the trachea chondroitin sulphate had 
been isolated by extraction with hot alkali as com- 
pared to the mild saline extraction used on the cords, 
CSA-C was treated with alkali under the conditions 
used for obtaining CSA-A. No loss in activity resulted. 

Chondromucoprotein isolated from cartilage by the 
method of Malawista and Schubert® was found to 
inhibit slightly the formation of chondroitin sulphate. 

Re-extraction and reprecipitation of the counted 
samples led to a loss in radioactivity. This loss was 
about 60 per cent in the case of the controls and 
40-50 per cent in the presence of added chondroitin 
sulphate. A broadening response above the control 
becomes apparent after reprecipitation. The loss of 
adioactivity is thought to be due to a higher solu- 
ility of radioactive chondroitin sulphate composed of 
shorter chain molecules as compared to the chon- 
lroitin sulphate used as a carrier. Results are sum- 
narized in Table 1. 


he infra-red spectrum of the mucoprotein isolated 
trom 20-day-old chick embryo condyles by high-speed 


ho nogenization showed it to be predominately 
CU-\-A, with perhaps small amounts of CSA-C 
present. Material derived from 15-day-old chick 


el:bryo condyles gave a very similar spectrum; the 
uds corresponding to CSA-C being slightly more 


nse. 


t is evident that a priming or template mechanism 
volved in the biosynthesis of chondroitin sulphate. 
Because the enzyme system as prepared necessarily 
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contains relatively large amounts of mucoprotein, 
this probably accounts for the difference in stimu- 
lating power of CSA-A and CSA-C; the system being 
already rich in CSA-A in the form of the mucoprotein. 
Addition of CSA-C then results in a greater response 
than addition of CSA-A if we presume that enzyme 
systems are present which synthesize both types of 
chondroitin sulphate. 


Table 1. EFFECT OF ADDED SUBSTANCES AT EQUAL CONCENTRATION ON 
THE RADIO ACITIVITY OF CHONDROITIN SULPHATE FORMED BY INCUBATING 
A PARTICLE FREE EXTRACT OF 15-DAY-OLD CHICK EMBRYO CONDYLES WITH 
ADENOSINE TRIPHOSPHATE AND MAGNESIUM CHLORIDE AS DESCRIBED 
PREVIOUSLY®. THE CHONDROITIN SULPHATE FORMED WAS ISOLATED BY 
ADDITION OF CARRIER AND PRECIPITATION WITH ‘CETAVLON’. 


! 
| Radio activity of CSA relative 
to control as 1-0 


Initial Reprecipitation 









Tracer Substance 
| Added Precipitate 
Na,**SO,| CSA-C, Sodium salt i eg 2:9 
Na,*°SO,| SMP Sodium salt .. 15 2:3 
Na,*5SO, | Chondromuco- 
protein .. 0-8 1-0 
Na,*°SO, | Muco-protein of 
| chick condyles (2¢ 
| days old) .. Se O-8 1-0 
Na,**SO,| CSA-A, Sodium salt 1-3 
PAP35S | CSA-A, Sodium salt 1-1 
Na,*°SO, | CSA-C Sodium salt 1:8 
PAP*S | CSA-2 Sodium salt 1-9 
Na,*5SO,| CSA-A, Calcium salt | 1-1 1-5 
Na,°5SO,| CSA-A+C, Cal- 
cium salt .. 1-6 2-3 


50% alcohol fraction | 
from trachea | 


If priming rather than template action is the 
mechanism involved, it must function by the alter- 
native addition of acetyl galactosamine sulphate and 
glucuronic acid residues or by the addition of the pre- 
formed disaccharide or similar unit. Some evidence 
for the existence of a uridine derivative containing 
both hexosamine and uronic acid has been presented 
by Dorfman et al.2. When uridine diphosphoglucuronic 
acid was incubated with the chick condyle enzyme a 
suppression of chondroitin sulphate synthesis was the 
result. 

The reason for this suppression is not clear, at the 
present time. Uridine diphosphoglucuronic acid has 
however been demonstrated to be utilized for the 
synthesis of hyaluronic acid by streptococci.? 

A full report of this work, together with results 
obtained on the influence of chain-length on stimu- 
lating power, will be published elsewhere. 

I am indebted to Dr. R. I. Cox, Dept. of Veterinary 
Physiology, University of Sydney, for the infra-red 
spectra. 

J. B. ApAms 


New South Wales State Cancer Council 
Special Unit, 
Randwick, New South Wales. 
Australia. 
April 15. 
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Significance of Lactose in the Diet in 
Aminoaciduria caused by Maleic Acid 


In studies with rachitic rats Harrison and Harrison! 
established aminoaciduria as one of the signs of maleic 
acid intoxication. Angielski e¢ al.2 produced, by 
intraperitoneal administration of maleic acid, amino- 
aciduria in rats receiving a diet containing 50 per cent 
skim milk. We have studied the effect of dietary 
lactose on the production of aminoaciduria by maleic 
acid. Three groups of rats received the three diets 
described in Table 1. 


Table 1. COMPOSITION OF DIETS (gm./kgm.) 


Diet 


Milk | With lactose Without lactose 





Component 





| I | II | III 
Dried skim milk 480 | -- - 
Yasein 4 os _ | 170 170 
Wheat starch .. on 270 ' 270 480 
Sucrose ee oe 130 130 230 
Lactose _" oa —_ | 310 | —- 
Rape-seed oil .. ag 88 88 88 
Wesson’s’ salt mixture 32 | 32 } 32 


To 1 kgm. of diet were added: 331 mgm. of a vitamin mixture‘; 1,000 
mgm. choline hydrochloride; 5 mgm. menapthone; 150 mgm. vitamin E; 
25,000 I.U. vitamin A 2,500 I.U. vitamin; D. 


The rats were kept in metabolic cages allowing 
quantitative collection of urine uncontaminated by 
faeces or diet. They received unlimited food and 
water. Neutralized maleic acid was given intraperi- 
toneally as a molar solution, in one dose of 400 
mgm./kgm. body-weight. «-amino nitrogen was 
estimated in urine by the method of Yemm and 
Cocking®. The rats received their respective diets for 
7-14 days before injection of maleic acid. The results 
are given in Table 2. 


Table 2. ADULT RATS, MALES AND FEMALES WEIGHING 120-370 GM. 
MEAN VALUES PER RAT FOR 24 HOURS FOR GROUPS OF 5 RATS. FIGURES 
IN PARENTHESES SHOW THE RANGE. 


a-Amino nitrogen (mgm.) 


Diet | Diet IT 


| DietI 


Before administration of 





| 
maleic acid... | 3-3 6-2 4-6 
(mean over 4 days) (1:65-—5-7) (4-0-8-1) (2-5-7-5) 
After administration of | 
maleic acid = me 75 22-5 4-1 
Day 1 is if (5-0-9-3) | (14-8-31-6) | (3-4-5-8) 
Day 2 10-9 18-0 } jb 
(5-4-15-3) (15-0-22-0) | (1-1-2-2 
Day 3 20-5 37-0 | 3-2 
| (11-5-27-5) | (16-0-57-0) | (1-1-7-7) 
Day 4 | 9-5 25-5 | 71 
| (65-12-2 (17-3-30-5) | (3-1-12-0) 
Day 5 | 4-6 11-8 +8 
| (2-6-9:5) | (7-0-15-9) | (4-0-9-4) 
| | 


400 mgm. maleic acid per kgm. body weight 
produced no aminoaciduria in rats on a diet devoid of 
lactose. Rats receiving lactose, whether from milk or 
as such, responded by marked aminoaciduria to the 
same dose of maleic acid. Maximum excretion of 
«-amino nitrogen was generally observed on the second 
or third day after administration, the values reached 
being five to ten times those before maleic acid was 
injected. After a week the excretion returned to 
normal again. 

Maleic acid is the causative agent of the amino- 
aciduria but lactose seems to be necessary for its 
appearance. 
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A full report of these findings will be published in 
Acta Biochimica Polonica. 


STEFAN ANGIELSKI 


Institute of Biochemistry and Biophysics 
of the Polish Academy of Sciences. 


JERZY ROGULSKI 


Department of Physiological Chemistry 
of the Medical Academy, 
Gdansk, Poland. 

June 26. 
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Extraction of an Actomyosin-like Protein 
from Human Thrombocytes 


ConTINUING the work of Liischer!, we have studied 
the metabolism of blood platelets in relation to clot 
retraction, as the latter seems to be one of the most 
important thrombocytic functions. Liischer? and 
Bounameaux? have pointed out that in the presence 
of a buffered medium containing divalent cations 
(Mgt+ or Ca++), glucose is a factor which improves 
retraction. On the other hand the existence of 
mitochondria has been observed with electron 
microscopic techniques and it has been known for 
years that blood platelets are able to consume oxygen. 


In our experiments‘ we noticed a constant relation- 
ship between an active glycolytic system and maximal 
retraction capacity. This relationship does not exist 
for oxygen consumption. Using isolated and washed 
thrombocytes we were able to confirm the results of 
Born® obtained with platelet-rich plasma. This 
author observed that the adenosine triphosphate level, 
which is very high in thrombocytes, shows a rapid fall 
during clotting. Also, fresh thrombocytes exhibiting 
maximal retraction have a high adenosine triphios- 
phate content (about 5 x 10-2 y moles/10° platelcts 
for isolated and washed cells), whereas platelets, even 
if preserved at 0°C., hydrolyse their adenosine tri- 
phosphate and at the same time lose their ability to 
retract. 

Liischer® has suggested that viscous metamorphosis 
is linked to the appearance of a viscous and retract ile 
protein of complex composition, which was obtaii:ed 
from platelets and named ‘protein S’. 

In view of these facts and the results obtained by 
Hoffmann-Berling’ on undifferentiated cells, from 
which he isolated a contractile protein, we tried to 
extract a contractile protein from thrombocytes, i! @ 
way analogous to the extraction of actomyosin from 
muscle. 


Thrombocytes from normal human blood w:re 
isolated by means of centrifugal fractionation; tl cy 
were washed twice in 0°9 per cent sodium chloride 
containing 1%, of the disodium salt of ethylendiam ‘né 
tetra-acetic acid; they were washed once more wit!: @ 
Weber-Edsall solution (potassium chloride, 0°6 VJ; 
sodium carbonate, 0°01 M; and sodium bicarbon::te 
0:04 M) and after discarding the supernatant they 
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weve resuspended in the same medium. For a single 

eriment 40 ml. of a suspension containing about 
sx 10? platelets per ul. with less than one leucocyte 
»°» 100,000 platelets, were used. This suspension was 
hc nogenized in a small refrigerated blendor turning 
ui |7,000 r.p.m. for 15 minutes. The homogenate was 
ieit overnight in the refrigerator and centrifuged for 
on hour at 60,000 g in order to eliminate undestroyed 
ple:elets (about 5 per cent of the initial count), cell 
‘re ments and insoluble proteins. All operations were 
varvied out at a temperature between 0 and 4° C. The 
pli of the extract (13 ml.) was about 7°4 and the protein 
coutent about 6°5 per cent (Kjeldahl). The extract 
contained some fibrinogen (clottable with thrombin) 
but consisted mainly of a protein which had the 
characteristics of actomyosin: it was soluble in a 





. 1. Contraction and precipitation of the actomyosin-like protein 
irom human thrombocytes. 1-7, pictures of the same test tube taken 
5, 1-0, 15, 2-0, 3-0, 5-0, and 20-0 minutes after the addition of 
denosine triphosphate. The sample contains 0-25 ml. of the 
extract (6-4 gm. per cent protein dissolved in Weber-Edsall solu- 
tion); adenosine triphosphate 4 107M: magnesium sulphate 
> 10°°M; water to 1:55 ml. 8, same composition without 
denosine triphosphate. 9, protein solution and water only. 





medium of ionic strength 0°6 and precipitated if the 
ionic strength was lowered by dilution with water to 
0-1. If Mg++ and adenosine triphosphate were added 
to the protein at this lower ionic strength a super- 
precipitation or a contraction took place. After 
discarding the supernatants, the precipitates of the 
protein were readily soluble if resuspended in 0°6 M 
potassium chloride. The viscosity measured after the 
addition of adenosine triphosphate to the actomyosin- 








like protein in 0-6 M potassium chloride showed a 
significant fall as compared to the value obtained with- 
“ut adenosine triphosphate. The viscosity rises again 
alter the adenosine triphosphate has been consumed. 
In conelusion a contractile protein has been ex- 
tacted from normal human thrombocytes. This 
protein shows characteristics of muscle actomyosin, 
and is most probably responsible for clot retraction. 
he conditions under which it functions during viscous 
mciamorphosis and clot retraction are under study. 
Ve wish to thank Dr. H. Portzehl for critical dis- 
cussion and Miss M. Schneider for valuable technical 
assistance, 
M. BetTrex-GALLAND 
K. F. LUscHer 


"heodor Kocher Institute, University of Bern, 
an. Blood Transfusion Service of the Swiss Red Cross. 
April 9. 
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PHYSIOLOGY 


Response of Cholinergically Innervated 
Sweat Glands to Adrenaline and 
Noradrenaline 


THAT the innervation of the sweat glands in the 
cat’s foot pad is cholinergic has been recognized and 
generally accepted since the classical demonstration 
in 1934 by Dale and Feldberg’. However, sweat 
droplets have been seen to appear on the foot pad 
following intradermal or systemic injection of 
adrenaline or noradrenaline, most recently by 
Nakamura and Hatanaka?. The sweating is said to 
be minimal and not regularly reproducible*. In 
summarizing the situation, Rothman® takes the view 
that the appearance of sweat droplets in response to 
adrenaline injection represents expulsion, due to 
myoepithelial contraction, rather than secretory 
activity. On the other hand a dual innervation, 
adrenergic and cholinergic, has been postulated by 
Kuno‘. 

In the course of the present experiments a few 
droplets of sweat have been seen to appear following 
intravenous injection of adrenaline, but only if the 
ducts were filled by prior stimulation of the sudo- 
motor nerve supply®. Interpretation is equivocal : 
there is no wayof deciding from this sort of experiment 
whether adrenaline causes expulsion through contrac- 
tion or whether it has a mild secretory action, enough 
to produce visible sweat if the ducts are full, but not 
if they are empty or partly empty through reabsorp- 
tion. In any event visual inspection is not a very 
satisfactory method for it yields information only as 
to sweat emergence (rather than sweat formation) 
which fact undoubtedly is responsible for the variable 
results and conflicting reports in the literature. 


Impedance change across the cat’s foot pad is a 
good, although logarithmic, measure of the course of 
the sweat duct filling and emptying, which is to say 
of sweat formation and _ reabsorption®’. During 
stimulation of the sudomotor nerves impedance falls 
from a high to a low value at a rate determined by 
the frequency of stimulation, as can be seen by 
comparing A and E of Fig. 1. At the close of stim- 
ulation the impedance-level slowly returns to initial 
resting level as reabsorption progresses. After a 
maximal bout of activity up to 90 min. are required 
for complete reabsorption and full recovery to resting 
impedance level. Injected acetylcholine produces 
similar changes and the effects both of nerve stim- 
ulation and injected acetylcholine are blocked by 
atropine, as would be expected. 


Adrenaline and noradrenaline cause impedance 
changes similar to that resulting from acetylcholine 
injection. Fig. 1 illustrates an experiment in which 
the action of noradrenaline was examined. The cat 
was in nembutal narcosis. Stimulation was applied 
to the centrally severed plantar nerves which contain 
the sudomotor supply to the foot pads. Recording 
was done by means of zinc-zinc sulphate electrodes 
(one on the central foot pad, the other subcutaneously 
placed near by) ; an impedance bridge, the generator 
supplying a 20-cycle sine wave; an amplifier and 
cathode ray oscilloscope. Drugs were injected 
intravenously through the antebrachial vein. 
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Fig. 1. Oscillographie recordings of impedance changes across the 

foot-pad of the cat. For each record A-E the impedance bridge 

was balanced initially with the sweat glands in the resting state. 

Width of the line indicates the degree of bridge imbalance 

caused by a lowering of impedance across the foot-pad. The 

successive lines of each lettered recording are continuous each 
with the next 


Record A. illustrates the impedance changes due to 


a 10-sec. electrical stimulation at a frequency of 


10 per sec. There is, in the first line, a rapid decrease 
in impedance and a slow return toward normal which 
is continued in the second line. The entire recovery 
course in this and subsequent recordings is not 
illustrated. 
change following intravenous injection of noradren- 
aline, 40 ygm. per kilo. Lowering of impedance 
progresses more slowly than in A and the beginning 
of return toward normal is delayed indicating that 
the noradrenaline continues to act for some time. 

Between the making of records B and C atropine, 
6-5 mgm. per kilo, was injected. Record C, containing 
the result of a 38 sec. stimulation at 10 per sec., 
shows the effect of nerve stimulation to be completely 
blocked. In normal circumstances the response to 
the 38-sec. stimulation would be enormously greater 
than that seen in record A. Record D, obtained 
immediately after record C, shows the response to a 
further injection of noradrenaline, 40 ugm. per kilo. 
Although the response is smaller than that in record 
B there is as yet no sure indication that atropine 
antagonizes the noradrenaline action’. Certainly, 
however, it is not blocked by atropine. 

Record £, from another experiment, illustrates the 
manner in which impedance change occurs when 
stimulation frequency is lowered, in this case to 
12 per min. Duration of this stimulation was 5 min. 
It is evident that response to electrical stimulation 
could be made to duplicate that to adrenaline or 
noradrenaline by careful selection of stimulus duration 
and frequency. 

Since atropine completely blocks the effect of nerve 
stimulation it is unlikely that some sweat glands are 
adrenergically rather than cholinergically innervated. 
At the present time the most likely interpretation is 
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that all the sweat glands are cholinergically inner- 
vated, but that in addition their secreting cells are 
responsive to adrenaline and noradrenaline. 


Davip P. C. Lioy! 


Rockefeller Institute, 
New York. 


June 12. 
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Coating of Red Blood Cells with 
Antigenic Substances 


CoatinG of red blood cells with antigenic substances 
is used for titration of antibodies because the blood 
cells are a stable and uniform vehicle for the anti- 
gens!-3, In our experiments red blood cells of sheep 
were first treated with tannic acid (1:20,000 in saline, 
pH 7:2) to stabilize them. If the solution is stronger, 
spontaneous agglutination takes place. The protein 
(bovine y-globulin) was coated on the cell at a pH 6:4. 
The cells were lysed in distilled water. The cell walls 
were then shadowed with gold-palladium, and studied 
in a Siemens Elmiskop I. Fig. 1 shows an untreated 





Fig. 1. 


Cell wall, untreated (x 10,700). 


Fig. 2. Cell wall, treated with tannic acid (x 10,700). 


Fig. 3. Cell wall, treated with tannic acid and coated with prote 
(xX 10,700), 


cell wall. The surface is fairly smooth. After treatme it 
with tannic acid the surface becomes rougher (Fig. *) 
Coating with protein produces a mottled appearanc:. 
and the outlines of the shadow of the edge of the « 
wall are somewhat diffuse (Fig. 3). It is difficult 
explain these morphological changes in terms if 
physical and chemical processes, especially as tie 
arrangement of the molecules on the cell surface is not 
fully understood. Tannic acid acts presumably as a 
fixative like formalin and the micrographs show thai @ 
change has taken place on a sub-microscopic scaic. 
It is possible that the protein adheres more read!ly 
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the rough surface. The roughening of the surface 
yay also explain why a stronger solution of tannic 

id produces agglutination of the cells. Judging by 

e electron micrographs it appears that the protein 

vers the cell wall in shapeless masses, which produce 
the mottled appearance. 

{ wish to express my gratitude to Mr. D. Dresser, 
Department of Zoology, University of Edinburgh, for 
preparing the red blood cells, and also to the Melville 
Trust for Cancer Research who equipped the electron 
microscope laboratory in which the experiments were 
carried out. 

K. Dreutscu 
Department of Zoology, 
University of Edinburgh. 
May 4. 
vden, 8. V., J. Exp. Med., 93, 107 (1951). 


?stavitzky, A. B., J. Immunol., 72, 360 (1954). 
‘Ingraham, J. 8., Proc. Soc. Exp. Biol. Med., 99., 452 (1958). 


Effect of Adrenalectomy on the Hormone 
Content of the Thymus in the Rat 


\ LARGE number of publications have dealt with the 
influence of the adrenal cortex on the morphology of 
the thymus. Adrenalectomy has been found to result 
in an enlargement of the thymus!:?. The administra- 
tion of various preparations of adrenal cortex (in large 
amounts) resulted in atrophy of the thymus. This 
was confirmed with purified cortico-adrenal extract*, 
cortisone’, dehydrocorticosterone* and deoxycorti- 
costerone4. The same effect could be obtained with 
adrenocorticotrophic hormone®. Since the active 
fraction of the thymus can be obtained in a purified 
form® and since a minute quantity of this fraction can 
be bioassayed’, we thought it of interest to investigate 
the effects of adrenalectomy on the thymus by these 
techniques. 

50 male rats of 120-150 gm. were used. They were 
divided in groups of 5 animals and operated as 
follows: 

(1) Bilateral adrenalectomy, three groups: 

(a) Control, 

(b) 200 pgm. of desoxycorticosterone acetate 
subcutaneously daily, 

(c) 200 ugm. of cortisone acetate daily. 

(2) Thymectomy, one group. 

(3) Thymectomy, following 5 days later by adre- 
nalectomy. The animals were autopsied 6 days after 
the adrenalectomy, that is 11 days after the thy- 
mectomy. 

(4) Sham thymectomy and adrenalectomy. The 
thymus and the adrenals were removed and replaced 
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fable 1. HORMONAL ACTIVITY OF THYMUS, LYMPH NODES AND SPLEEN 
IN THE RAT. 
ne Se a ee es —___—__-—, 
Activity (units per gm. of fresh organ) 
Group - 
Thymus Lymph node Spleen 
rmal males -s 62-5 +.5-6 20-0+4-0 17-0+4-0 
ymectomized .. < 6 << 
renalectomized | 33-0 | <10 | aie 
renalectomized 
id thymecto- 
ized .. ss - <4 | < 4 
renalec tomized | 
DOC i 79-0 14-0 | 10-8 
renalectomized | 
cortisone eh | 39-4 4 | 3 
sham operated | 57-4 | 22-0 15-8 


at 
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without interruption of their vascular connections. 

(5) The remaining 20 animals were autopsied as 
controls. 

In every group, at autopsy, the thymus (except, of 
course, groups 2 and 3), the spleen and the lymph 
nodes (jugular and mesenteric) were pooled and 
extracted by the method of Bezssonoff and Comsa®. 
These extracts were bioassayed by the method of 
Comsa’. The activity found was expressed in guinea 
pig units per gram of fresh organ weight. 

The 20 normal animals were divided in 4 groups of 5 
animals each. Thus we obtained 4 normal extracts for 
control. 

As can be seen from Table 1, an active extract 
could be obtained from the normal thymus and a less- 
active one from lymph nodes and spleen. Yet thy- 
mectomy resulted in an important decrease in the 
activity of lymph nodes and spleen. Thus it can be 
asserted that the hormone found in those organs came 
from the thymus. This could also be concluded from 
previous experiments on guinea pigs’. 

Adrenalectomy resulted in a decrease of the activity 
of the thymus to less than half the normal level. In 
both lymph nodes and spleen, the activity decreased 
too; yet it cannot be said whether this decrease was 
parallel, since the activity fell below measurable 
limits. 

These effects of adrenalectomy could be prevented 
almost completely by repeated injections of deoxy- 
corticosterone in normal amounts. Cortisone has no 
comparable influence. 

The difference between the influence of deoxy- 
corticosterone and cortisone is still more obvious if 
results are recalculated with a weight correction. 
Indeed, the relative weight of the thymus in our 
animals was (parts per thousand): 


2°5 + 0°3 in normal rats, 

3°3 + 0°5 in adrenalectomized rats, 

54 + 0°6 in adrenalectomized rats treated with 
deoxycorticosterone, 

3°2 + 0°4 in adrenalectomized rats treated with 


cortisone. 
Thus, for the total activity of the thymus in every 
group, we have: 
In normals 23 units per 100 gm. living weight 
In adrenalectomized 
15 units per 100 gm. living weight 
adrenalectomized deoxycorticosterone treated 
35 units per 100 gm. living weight 
adrenalectomized cortisone treated 
14 units per 100 gm. living weight 
It can be concluded that the hormonal activity of 
the thymus is conditioned by the adrenal cortex to a 
large extent. This influence of the adrenal cortex upon 
the thymus is supported by the deoxycorticosterone 
fraction. In other words, it seems to be connected with 
the mineralocorticoid and prophlogistic effects of the 
adrenal cortex. 
I am grateful for the technical assistance of A. 
Meiser. 
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J. CoMSA 
Medical School, Homburg, 
Saar, Germany. 
May 29. 


1 Jaffe, H., J. exp. med., 40, 618 (1924). 

2? Marine, D., Manley, O. T., and Baumann, E. 
(1924). 

*Ingle, D. J., Amer. J. Physiol., 124, 369 (1938). 

* Selye, H., and Albert, 8., Proc. Soc. exp. biol. med., 50, 159 (1942). 

5 Crede, C. H., and Moon, W., Proc. Soc. exp. biol. med.. 43, 44 (1940). 

® Bezssonoff, N. A., and Comsa, J., Ann. d’endocrinol., 19, 222 (1958). 

7 Comsa, J., J. de physiol. (Paris) 50, 825 (1958). 

§ Comsa, J., Acta endocrinol. (1959). 


J., J. exp. med, 40, 429 








280 


Quantitative Changes in y-Aminobutyric 
Acid Induced by Low Temperature in 
Rice Plants 


AMONG the free amino-acids occurring in higher 
plants increasing attention is being paid to y-amino- 
butyric acid, although it has not been identified as a 
constituent of proteins. The significance of this 
compound in the nitrogen metabolism of plants is 
clearly indicated by the work of Steward and collabor- 
ators!.?, and also by our recent studies on rice varieties 
exhibiting various degrees of resistance against the 
‘browning disease’ of rice (brusone,’ ‘aki-ochv’). 

Our experimental material consisted of the brusone- 
resistant Preeoce Allorio and 
Dunghan Shali rice varieties. The experiments were 
earried out in the field) on limeless The 
rice plants were removed shortly after 
flowering, the exudate yielded by guttation was 
collected and analysed for free amino-acids by paper 


brusone-susceptible 


soils. 


shoots of 


chromatography? in a solvent system containing 
butanol, acetic acid, and water in the proportions 


2:1:1. y-Aminobutyrie acid was not detected in the 
exudate of Dunghan Shali (susceptible variety) for 
some days aftera period at alow temperature (12-14°C.) 
and of unfavourable light relation. A similar decrease 
in y-aminobutyric acid did not occur in Precoce 
Allorio which is regarded as a variety resistant to 
brusone. ‘The content of y-aminobutyric acid of both 
varieties was similar and constant in rice plants kept 
at normal temperatures (20-22° C.). The experiments 
were repated several times with the same results 
(Fig. 1). 

When, due to bad weather, the vemperature of the 
inundation water and of the soil drops, the incidence of 
disease is higher. Therefore, low temperature is 
regarded as one of the main factors increasing the 
susceptibility of rice plant to brusone*. It seems 
possible that the detection of resistant varieties by 
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A, Precoce Allorio (control); B, Precoce Allorio (low tempera- 
C, Dunghan Shali (control); D, Dunghan Shali (low tempera- 
ture). 
1, leucine; 2, valine; 3, y-aminobutyric acid; 3, alanine; 5, glutamic 
acid; 6, aspartic acid 4- serine + glutamine; 7, histidine + arginine; 
8, cyst(e)ine 
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means of some chemical characteristics will yield a 
reasonable tool which might substitute the long aud 
empirical work of plant breeders. 
F. Zsoipos 
Institute of Plant Physiology, 
University of Szeged, 
Szeged, Hungary. 
April 6. 
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(1958). 

* Matthias, W., 
* Takahashi, J., 
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kK. W., J. Exp. Bot.,9, 11 


Naturwiss., 41, 17 (1954). 
Yanagisawa, M., Kono, M., 
1955). 
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Plastron Respiration in the Eggs of 
Drosophila and other flies 


It has long been known that the conspicuous pro- 
jections near the anterior end of the eggs of Scopeuma, 
Drosophila, and other flies are concerned in respiration, 
and the projections have been called respiratory horns. 
The site of entry of oxygen into the horn has not 
previously been determined, but where not explicitly 
stated it has been implied that oxygen enters through 
holes in the distal end of the horn. Reaumur! re- 
garded the respiratory horns of Scopewma as floats 
that served to prevent the submergence of the egys 
and so their asphyxiation. A similar function has 
been postulated for the respiratory horns of Drosophila 
by Wigglesworth and Beament?. However, the eggs of 
Scopeuma stercorarium L. and Drosophila mealnogestar 
Meig., as well as those of many other species with 
similar respiratory horns, are heavier than water even 
when the chorion and plastron are air-filled and 
besides are normally stuck to the substrate: they do 
not float if submerged, when under natural con- 
ditions they might be washed away from the larval 
food supply. Portions of cow pats containing eggs of 
Scopeuma and Hebecnema umbratica Meig. were 
repeatedly submerged in water, but the eggs were never 
detached. Of course these eggs and those of Droso- 
phila and other species can be suspended from the 
surface film if they are freed from their attachment to 
the substrate and a line of contact with the water 
and air is established. Under these conditions then 
centres and buoyancy and gravity are such that the 
tips of the respiratory horns often project above ‘he 
surface film. 

The term plastron has been restricted to describe a 
gas film of constant volume and an extensive wat«r- 
air interface. Such films are held in position by a 
system of hydrofuge structures and are capable ol 
resisting water under pressure. In well-aerated waicr 
a plastron enables the insect to remain immersed :!1- 
definitely, when it obtains the oxygen it requires from 
the ambient water. What was known of plastron 
respiration in insects was summarized by Thorpe® in 
1950. Since then the plastron method of respiration 
has been found in a variety of insect pups») and now 
in the eggs of Sepsis violacea Meig., Drosophila melano- 
gaster Meig. and other species of the genus, Musca 
autumnalis Deg., Hebecnema umbracata Meig., Sco- 
peuma stercoraritum L., and other flies. 

A detailed account of the structure of the respir- 
atory horns of the eggs of Drosophila, Scopeuma and 
other flies will be published elsewhere. In all the 
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siiface of most of the respiratory horn consists of an 
open hydrofuge meshwork that provides a large 
\. ter-air interface, as shown in Figs. 2 and 3. At the 
bose of the respiratory horn the air in the plastron 
ny shwork is continuous with the air film contained 
bt ween the vertical columns connecting the inner and 
ovier laminae of the chorion (Fig. 4). Wigglesworth 
ani Beament? claim that in Drosophila the air is 
co.itained in the vertical columns and not in the spaces 
be: ween them. This claim is based upon the appear- 
ance of eggs injected with cobalt sulphide. When 
dipterous eggs are heavily injected with sulphide, the 
phide fills the spaces between the columns, but 
when they are lightly injected the sulphide adheres to 
th: surface of the columns so that at first sight the 
columns themselves appear to be impregnated with 
the sulphide. ‘The vertical columns of the chorion do 
no! contain air in any of the dipterous eggs examined 
by me (Syrphidae, Spaeroceridae, Sepsidae, Droso- 
philidae, Muscidae, Cordiluridae). 
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ig. 1. Egg of Drosophila gibberosa, a species with two pairs of res- 
ratory horns, Fig. 2. Part of a longitudinal section of the larger 

piratory horn of Drosophila gibberosa. Fig. 3. Surface network 
| part of apical half of respiratory horn of Drosophila gibberosa. 


Vig. 4. Section through chorion of Drosophila melanogaster. 


sesides having a sufficient surface area, if a plastron 
8 lo be an efficient respiratory adaptation it must 
resist both wetting at pressures to which it is nor- 
invlly subject in nature and loss of water-proofing 
froin surface active materials. It was found that the 
plistron of many species of flies (Sepsis, Drosophila, 
Musca, Hebecnema, Scopeuma) resists in water a 
hydrostatic pressure of 3 feet for more than 24 
hours, and the plastron of some species of Drosophila 
resists an excess pressure of 1 atmosphere for over 30 
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minutes. The plastron of none of the three species is 
wetted even when the contact angle is reduced by 
surface active materials to 50°-55°, which corre- 
sponds to a reduction of the surface tension of water 
to about 25 dyne/em. 

Insects with a plastron are restricted to well- 
aerated waters such as rapidly flowing streams, since 
a plastron is also a means of extracting oxygen from 
the tissues if the oxygen pressure of the environment 
falls below that of the tissues. The plastron method of 
respiration therefore seems unlikely to be found in an 
environment such as relatively fresh cow dung, where 
reducing conditions probably sometimes occur. How- 
ever, the respiratory horns bearing the plastron 
project above the crust of the cow pat and provide a 
direct route for the entry of oxygen into the layer of 
air held beneath the relatively impermeable chorion. 
The significance of the plastron immediately becomes 
apparent when cow pats are observed in the rain: 
when it rains a rapidly moving and well-aerated 
layer of water flows over the cow pat and over the 
repiratory horns. The incubation period of the eggs of 
Scopeuma and Hebecnema is only two to three days 
and thus in a rainy period much of the incubation 
period may be passed beneath a layer of water. 

The respiratory horns of dipterous eggs are adapted 
both for the extraction of oxygen dissolved in the 
water and for atmospheric respiration. In water they 
provide a relatively enormous surface area for diffusion, 
and their structure is such that they do not collapse 
under the hydrostatic pressures to which they are 
normally subject. When the egg is not covered with 
water, the respiratory horns do not involve water 
loss Over an enormous surface area because the con- 
nexion between the plastron and the layer of air in the 
chorion is relatively restricted. The respiratory horns 
of dipterous eggs are thus structures that enable the 
immobile eggs to meet the contradictory demands 
presented to them by environments that are alter- 
nately dry and flooded. 

H. Kk. Hinton 
Department of Zoology, 
University of Bristol. 
May 26. 
> Réaumur, M. de, “Mémoires pour servir A l'histoire des insectes’’, 4 
« Wiggleewotth, V. B., and Beament, J. W. 
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A Seasonal Sex Difference in the 
Infestation of Rabbits with the 
Nematode Trichostrongylus retortaeformis 
(Zeder, 1800) 


LARGER numbers of nematodes in male than in 
female hosts have been recorded for Ascaridia galli in 
chickens! and for Aspiculuris tetraptera in mice?; 
with Syngamus trachea in partridges, on the other hand, 
infestations are more severe in females than in males’, 
The present results, relating to Trichostrongylus 
retortaeformis in Kuropean wild rabbits, Oryctolagus 
cuniculus (L..), are of interest in indicating a seasonal 
change in host resistance, males being more resistant 
in summer and females in winter. 

The abundance of 17’. retortaeformis was studied in 
t072 rabbits collected during one year at Gwavas 
Forest, some 30 miles south-west of Napier in the 
North Island of New Zealand; supplementary samples 
(Table 1) were obtained from Gwavas and elsewhere in 
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Table 1. 
| + 
| No. of Rabbits Mean No. 
| | worms In: 
Locality and date -— - 
sample collected males | females male female 
| rabbits rabbits 
Winter Gwavas, June 1956 20 | 19 ; 124 | 57 
(June- Gwavas, July 1956 | 18 10 62 51 
Aug.) Gwavas, Aug. 1956 52 50 72 | 52 
samples Gwavas, July 1958 | 74 45 | 59 | 42 
*Waikoikoi, Aug. 1958 44 51 374 63 
Summer Gwavas, Dec, 1955 | 16 6 | 24 | 73 
(Nov.- Gwavas, Jan. 1959 21 | 31 | 37 | 54 
Jan.) *Duntroon, Nov. 1953 | 10 =| 15 | 70 | 210 
samples +Rose Is., Nov. 1954 | 40 9 | 185 | 382 
+Enderby Is., | | 
Nov. 1954 38 51 65 283 
Kourarau, Jan, 1959 | 18 17 80 | «194 
Taupo, Jan. 1959 14 12 30. =| 128 
*Lake Tekapo, | | | 
Dec. 1958 j 19 18 15 | 31 
| 


* South Island localities. 
+ Auckland Island Group, some 250 miles south of Stewart Island. 


subsequent years. Worm abundance was assessed by 
a dilution-sampling technique*; the values obtained 
and shown in Fig. 1 and Table 1 represent one tenth 
the number of worms present. 


Fig. 1 illustrates monthly variations in the mean 
number of worms in full-grown (> 900 gm. paunched 
weight) male and female rabbits collected at Gwavas 
during 1950-51. During March—September, levels 
of infestation were higher in males than in females, 
but this relationship was reversed during October- 
February, a period that covers the middle and end 
of the rabbits’ breeding season. The differences 
between the sexes were statistically significant at the 
5 per cent level in June, July and in early August, 
when males had the higher infestations, and in 
December and in January, when females were the 
more heavily infested. The supplementary samples 
from Gwavas and elsewhere in other years (Table 1) 
conform to the general pattern found at Gwavas in 
1950-51, males having the higher infestations in 
winter and females in summer. The seasonal changes 
illustrated in Fig. 1 are therefore both regular and 
widespread. 

Rabbits of both sexes frequently graze over the 
same ground, so it is unlikely that females ingest 
substantially more worm larvae than do males in 





Fig. 1. 


Mean numbers of worms per host in 717 full-grown male and 
female rabbits collected at Gwavas between March 1950 and March 
1951. Samples were obtained at four-weekly intervals, not calendar 
months. The average number of rabbits per sample was 31 for 
males and 20 for females; each sample contained more than 10 
animals of each sex, except that only 9 males were obtained in October 
and 5 in November. 
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summer or that males ingest more than females in 
winter. The differing levels of worm infestation sre 
therefore interpreted as due to differences in host 
resistance rather than as due to differences in the host’s 
opportunity to acquire infestation. 

In districts where 7’. retortaeformis is abundant, the 
presence of adult rabbits with no worms other than 
infective larvae indicates recent self-cure5. At Gwavas 
in 1950-51, the proportion of uninfested male rabbits 
was much higher from October to December (17 per 
cent) than in the preceding or following 3-month periods 
(0 and 4 per cent respectively), and this implies that 
self-cure was important in causing the rapid decline in 
the level of infestation in male rabbits in October 
(Fig. 1). Only 2 of 52 female rabbits showed self-cure 
during the period October-December. It is concluded 
therefore that the March—September trend towards 
high levels of infestation was terminated in October 
by the onset of self-cure in male rabbits and that some 
factor prevented self-cure in females. The October 


‘sample contained only 13 female rabbits and the 


apparent low level of infestation is probably for- 
tuitous, since, unlike the males, the females were 
heavily infested again in the following months. 

In young females (900-1100 gm. paunched weight), 
infestations were higher in pregnant than in non- 
pregnant animals, the difference being significant at 
the 1 per cent level. Sex of host had little effect on 
the abundance of J’. retortaeformis in sexually im- 
mature rabbits (<900 gm. paunched weight). It 
seems therefore that the high levels of infestation in 
female rabbits in summer is associated with pregnancy. 
A comparable situation occurs in sheep where a rise in 
nematode egg counts is associated with pregnancy and 
lactation®, 

It is difficult to explain why male rabbits are more 
heavily infested than females in winter. The estab- 
lishment of Cysticercus crassicollis? and the growth of 
Hymenolepis diminuta® in rats were favoured by male 
sex hormones, and something similar may occur with 
T.. retortaeformis in rabbits, the effect being masked in 
summer by the lowered resistance of pregnant and 
lactating females. 

The differing levels of worm infestation shown in 
Table 1 are due to two main factors: sex of host 
(involving differences in host resistance only) and 
locality of collection (involving differences in host 
resistance and in the availability of worm larve, ihe 
latter resulting from variations in climate, vegetation 
and host density). It is interesting that the sex-linked 
differences in levels of infestation are as great as the 
locality-linked ones even though the localities differed 
widely in climate, vegetation and density of rabbits 
This emphasizes the importance of host resistance in 
determining levels of nematode infestation in wild 
animals. The present results indicate the necessity of 
recording sex of host in parasitological studies in- 
volving wild or laboratory animals. 


P..C. Bow 


Animal Ecology Section, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 


April 21. 


Todd, A. C., and Hollingsworth, K. P., Exp. Parasit., 1, 303 (1952). 
? Mathies, A. W., J. Parasit., 40, 702 (1954). 
* Clapham, P. A., J. Helminth, 17, 192 (1939). 
* Bull, P. C., N.Z. J. Sci. Tech., B, 34, 341 (1953). 
® Bull, P. C., Nature, 175, 218 (1955). 
* Crofton, H. D., Parasitolugy. 48, 243 (1958). 
7 Campbell, D. H., Science, 89, 415 (1939), 
® Addis, C. J., J. Parasit., 32, 574 (1946). 
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Sodium Regulation in the Blood of Parr 
and Smolt Stages of the Atlantic Salmon 


‘THE sea-ward migration of the salmon (Salmo salar) 
which coincides with the parr-smolt transformation, 
involves the solution of important osmotic and mineral 
regulation problems by the fish. The lack of tolerance 
for salt water at the parr stage has been noted 
previously!. However, neither the capacit‘es for 
mineral regulation of this stage nor their piobable 
shift in the smolt have been subjected to an analysis, 
made more desirable by the fact that, like the 
endocrinological changes which occur at the same 
time?, they may be causally connected with migra- 
tion itself. 

Working at Laholm in the South of Sweden, we 
were able to investigate the regulation capacities for 
sodium of the young salmon in the parr stage as well 
as those of one- and two-year-old smolts reared under 
the same conditions in running water of the Lagan 
stream. Moreover, an opportunity arose which allowed 
us to conduct simultaneously similar experiments on 
individuals migrating downstream captured in the 
nearby Atran stream in water having the same 
temperature (6°3°C.). The blood-plasma of the 
animals, in 10 % quantities, was subjected to micro- 
sodium analysis by means of flame spectrophoto- 
metry. 

When abruptly transferred from fresh water to full 
sea-water (at the same temperature) none of the two- 
year-old parrs survived for more than 26 hours. The 
living individuals analysed showed, as time went on, a 
rapidly rising sodium concentration in their blood. 
None of the individuals in the smolt stage, whet her one- 
or two-year-old, died when submitted to the same 
abrupt change in salinity. The sodium concentration 
in their blood remained nearly constant in the days 
following the transfer. The smolts trapped on their 
down-stream migration still showed parr characteristics 
to acertain degree. Two out of ten died within 18 hours 
when abruptly transferred to sea-water. A further 
three showed great distress. The sodium-level in the 
blood of the surviving individuals increased st rongly, 
the normal level being however restored 4-5 days later. 
Obviously they were in a transitory condition which 
also includes the sodium regulation of their blood. 
Snnilar results were obtained in other experiments. 
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Vig. 1. Variations ot the sodium concentration of the blood after 

-orupt transfer from fresh water (6-3° C.) to full sea water (6°3° C). 

----, two-year-old parr; O two-year-old smolt; / — wild 
smolts cauyht on downstream migration. 
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It has been observed in Holle during the parr-smolt 
transformation that a large percentage of the smolts 
die when kept back in fresh water. The osmotic 
capacities of the smolts in fresh water seem to be 
impaired at the time when the parr-smolt trans- 
formation occurs. Wide individual variation in the 
sodium level of wild smolts in fresh water is obvious 
from Fig. 1. Details of this an previous work will be 
published elsewhere. 


H.. J. 
J. G. 


KocH 


EVANS 


Laboratory of Zoophysiology of the University, 
Louvain, Belgium. 


May 19. 


Kk. BERGSTROM 


Migratory Fish Committee, 
Salmon Research Laboratory, Holle, 
Bispfors, Sweden. 
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Release by Flight Exercise of a 
Chemotropic Response from Photopositive 


Domination in a Scolytid Beetle 


ONE of the remarkable features of barkbeetles and 
ambrosia beetles is their power of discovery and 
selection of host tree material. From a mass of varied 
material in a forest they select and bore into specific 
parts of specific trees, usually only when those trees 
are under stress of age, environment, injury or 
encroaching death. Certain of the ambrosia beetles 
show a strong preference for logs that have ‘ripened’ 
for a period of some weeks or months after being 
felled. The species, Trypodendron (Xyloterus) lineatum 
Oliver (Scolytidae), is one of these. 

The present communication is a preliminary report 
on an aspect of behaviour in 7’, /ineatum that appears 
to be a key to elucidating the host-finding process in 
this insect and perhaps other Scolytids. 

Trypodendron, on issuing from its overwintering 
quarters in the litter of the forest floor’, takes to 
flight and arrives in large numbers at partly ‘ripened’ 
logs of coniferous species. It appears to accomplish 
this result without expending time and effort on unsuit - 
able material. Theoretical considerations of the known 
physiology of trees and behaviour of insects, suggested 
that odour must be examined as a possible clue that 
these beetles use in host discovery and selection. 
Studies were undertaken to determine whether they 
show any kinetic or directional response to airborne 
odours from attractive wood. Many failures under 
illuminated conditions to detect decisive or even 
statistical differences of activity in beetles exposed to 
wood odour, led to the conclusion that the failure 
lay not in the environmental conditons, nor in the 
method of observation, but in the photic orientation 
responses that dominated behaviour at a particular 
time. This conclusion led to the search for a natural 
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process 
broken. 

In the laboratory, male and female beetles, freshly 
emerged from overwintering quarters, failed to show 
any response to wood that was known to be attractive 
in the field. The consistently orientated 
towards either discrete or diffuse patterns of light, 
disregarding odours and bark surfaces, and 
showing indifference to gravity as they crawled to- 
wards light regardless of the orientation plane. They 
took flight towards sunlit or other windows, fluorescent 
ceiling lights, or incandescent bulbs. Spaces measuring 
2 to 5 decimeters were too confined to allow identifi- 
able flight orientation in experimental chambers. Light 
continued to dominate their orientation, in contrast 
with the attraction of the beetles in large numbers to 
bright) sunny light not 
dominate their orientation. A question arose as to 
whether a direction of odour source is required for 
beetles to orientate while in flight. 

In an experimental chamber into which a split air 
stream entered, the free to move about, 
failed to show any preference for, or reactivity to, the 
part of the stream carrying odours from attractive 
wood. In the presence of light, the beetles displayed 
only photopositive behaviour over a range of tem- 
peratures from 15° to 25°C., and humidities from 
50 to 90 per cent. Photie reversal occurred between 
35) hand 38°C. 
chemotropic response failed to reveal any kinetic or 
directional effects. The only 
seemed to be that the beetles were in a state in which 
inhibited by photopositive 


by which this photic domination can be 


insects 


wood 


logs on days, when does 


beetles, 


Continued search for elusive clues to 
plausible conclusion 


other responses were 
domination. 

When light was excluded, female beetles, fresh from 
overwintering quarters, bored into slabs of wood and 
bark of green logs that had ripened for six months, 
but not 
Wood extracts obtained by nitrogen gas distillation 
induced preliminary boring in otherwise unsuitable 
bark or wood, provided that light excluded. 
Kvidently wood odours were capable of prompting 
wood-boring by this ambrosia beetle when light did not 


into fresh green slabs or old dead material. 


Was 


interfere, but this represents an artificial circumstance. 
Other conditions had to be tested. 

In an arena apparatus in which the beetles could 
move frecly over areas in a horizontal plane, with and 
without odour sources, the beetles showed no aggre- 
gation to wood extracts as long as light was present. 
In the dark or very deep red light, the beetles con- 
tinued to crawl randomly until coming into an area 
of wood extract. There they paused, continued until 
they were beyond the odour source, then usually 
compassed and crossed the odour area one or more 
times, then continued on their random course. This 
fluid manner of aggregation, through delay of indi- 
viduals did not occur if the atmosphere of the arena 
allowed by activated 
charcoal used to maintain odour gradients. Admission 
of light caused rapid dissipation of beetle aggregation. 
Ageing of beetles did not change their reactions. 

The domination of behaviour by the 
photopositive response in the laboratory, thus con- 
trasted with the comparative indifference of the 
beetles to sunlight and = skylight when they are 
attacking logs in the field. It seemed possible that 
something in the experiences of the beetles before 
arriving at their logs abolishes the photic reactions. 
One of these experiences may be flight-exercise. 

Beetles were suspended on paper points with 


was to become desiccated 


consistent 


adhesive attached to the pronotum?. In this position, 
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with substratum contact removed from the feet, the 
beetles began wing action as if in free flight. The 
presence of odours from attractive wood did not 
appear to prompt or inhibit flight or change its rate. 
Some beetles sustained almost uninterrupted ‘flight’ 
for 6 hours before being removed for photic response. 
Others ‘flew’ intermittently for 24 hours before testing. 
Flight-exercised beetles became either indifferent or 
photonegative to light. In some individuals a time 
lapse of 12 hours after flight was required before the 
photopositive response was abolished. When placed 
in contact with attractive bark and wood, the 
exercised beetles explored the bark contours, searched 
out crevices and burrowed in while in the presence of 
light. Other fresh from hibernation were 
photopositive and failed to remain on the bark in the 
of light. Males and females responded 
similarly to flight throughout. 

It is concluded that flight-exercise may play an 
important part in abolishing the photopositive 
response of T'rypodendron, allowing the beetles to 
react to chemical and contact stimuli. 


beetles 


presence 


IKKENNETH GRAHAM 
| Jopartment of Zoology, 
University of British Columbia, 
Vancouver 8, Canada. 
May 26. 
1 Hadorn, ¢ “Recherches sur la morphologic, les stades evolutifs et 
Vhivernage du bostryche lisere (Yyloterus lineatus Oliv)’. Suppl. aux 
org. de la Soc, forest suisse No, LL (1933), 
2? Chapman, J. A., Proc, Tenth Int. Congr, Ent. 1956, 4, 375 (1958). 


Distribution of Ascorbic Acid in the 
Leaves of some Plants 


THe concentration of ascorbie acid is not uniform 
in the leaves of a plant and this holds true for the con- 
centration within cach leaf as well as from leaf to leaf. 
(The concentration is taken as per cent fresh weight or, 
better, per cent plant water which, owing to the various 
acid in the cell, seems to be of 
peculiar interest. The concentrations expressed in 
those two ways often agree well. When there is a 
discrepancy, the concentration per cent plant water 
seems to give always the more ‘logical’ answer.) 

In adult leaves where the three parts, base, petiole 
and blade, are well developed, the concentration 
increases in the same order (Arum italicum, Maian- 
themum bifolium (petiole and blade) Crithmum mari- 
timum) and this is true also for sessile leaves with 
monofacial blade (/ris foetidissima, I. pseudacorus, 
‘Montbretia’, Acorus calamus). 

In the leaves of the last series of plants, and in other 
sessile leaves where sheath and blade are not sharply 
distinct, a gradient, increasing from to apex 
is generally found in the leaf when cut in three parts o! 
equal length (Convailaria maialis, Colchicum autumnule, 
Acorus calamus). Such a gradient exists in the blade 
alone (Beta, Prunus laurocerasus)':2.. In Tulipa, the 
same gradient exists in every leaf except the lower 
(and first one) where the upper third is generally 
poorer in ascorbic acid than the middle third’. 

In growing leaves, the apical third does not seem to 
be a privileged region for growth in length, and 
consequently it is not possible to explain the gradient 
observed in the leaves by an extension of the obscr- 
vation of Reid4 on ascorbie acid distribution in roots, 
where the highest concentration is found in the region 
of elongation growth. 
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\ trial was made on leaves of Jris tingitana grown 
in complete darkness, as in many plants of this species 
the base or sheath is often much poorer in chlorophyll 
than the rest and as chlorophyll as an indirect agent 
plays a part in ascorbic acid synthesis. In the com- 
pletely bleached leaves, a gradient was also found 
increasing from base to apex. 
The distribution of the 
different leaves of a plant is regulated not only by the 
«, but also by the weight of each leaf; the insertion 
point. Which gives the relative age of the organ, also 
ems to interfere. In quite a great number of plants 
there is an even variation of concentration from one 
leat to another. That in this 
distribution is specific, is shown by its constancy. 


ascorbic acid between 


some cases at least 

In some plants, the topmost and youngest. leaf, 
whose growth is supposed to be the quickest, has the 
highest coneentration of acid (Crithmum 
maritimum ete.), but others have a similar distribution 
only at certain. times, flowering. This is 
brought about either by accumulation in the apex 
| es or by losses in leaves at the base of the axis or, 


ascorbic 


such as 


perhaps more frequently, by both processes together. 

Sometimes the maximum concentration appears in 
other leaves; in Himantoglossum hireinum, the gradient 

us to be reversed, the top leaf always being the one 
poorest in ascorbic acid. 

The differences in acid concentration 
between the different leaves are not due to differences 
activity; even when grown in 
Monocotyledons show the 


ascorbic 


photosynthetic 


darkness various same 
nd of gradient. 
n other foliar organs and the seales of the bulbs 


of tulips and hyacinths, there is an ascorbic acid 


riudient unconnected with that of the leaves proper. 
In the resting bulbs of the tulip, the concentration 
increases from the outer scale to the innermost one; 
ider the same conditions the scales of the bulbs of 
hyacinths differ slightly in ascorbic acid concentration, 
When the 
plants are gown fully, it appears as though ascorbic 
acid’ was formed in all the scales and was preferentially 
itiized from the inside to the outside of the bulb, the 
the external (the 
sometimes considerably, 


Which inereases from outside to inside. 


concentration increasing in seale 
wer one) and decreasing, 


in the inner scales (the upper ones). 
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Carrion-Eating by Ophiuroids 


OruiurRoOmps are known! to eat a wide range of 
food, ineluding phytoplankton, zooplankton, poly- 
vetes and detritus; carrion-eating can now be added 
the list, for it has recently been observed in this 


horatory on the part of Ophiocomina nigra (Abild.), 








Ophiothriv fragilis (Abild.), Ophiura texturata Lam. 


1 O. abilda Forbes. In aquaria these brittle-stars 
Were seen to eat on one occasion a dead lesser weever 
lrachinus vipera C. and V.), and on another a small 
lead) cephalopod (Sepiola atlantica’ d@’Orb.). Kach 
phiuroid’s stomach was scarcely everted at all 
hile feeding, but the long tube-feet round the mouth 
tiade strong tugging movements, breaking off small 
fneces from the prey which were later found in the 
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ophiuroid’s stomach. 

This carrion-eating habit was tested in the field by 
putting out pairs of crab-pots overnight, one of each 
pair being unbaited and the other baited with pieces 
of plaice, cod, coalfish and dogfish. Old pots were 
used, in order to avoid any repelling effect of new pots, 
and they were laid on three nights on a coarse gravelly 
ground near Port Erin at a depth of 30-35 m., where 
ophiuroids are known to be abundant. (On one 
occasion (May 19-21), because of weather, they had to 
be left out for two nights.) The numbers caught in 
baited and unbaited pots were as in Table 1. 


Fable 1 
No. of Ophiuroids 
Baited pots | Unbaited pots 
Date (1959) 
May 14 15 F 16 | 0 
19-21 oo 10 
26-27 se 9 0 
Total Lo4 | IY 


During the period May 19 21 there seems to have 
been sufficient random movement by the ophiuroids 
for some of them to have entered the unbaited pot, but 
it is quite clear that on each occasion the presence of 
dead fish strongly attracted the ophiuroids, particu- 
larly nigra and Ophiothrix fragilis 
which between them made up nine tenths of the total. 


Oph Locomina 


A. K. NAGABHUSHANAM 
J. S. COLMAN 

Marine Biological Station 

(University of Liverpool), 

Port Erin, Isle of Man. 
! ‘Taylor, A. M., M.Se. Thesis, University of Liverpool (1958) 
¢ Hardy, A.C. The Open Sea: PL, Fish and Pihseries’. (London, Collins 
1959). 


Applications of Paper Chromatography 
to Systematics: 
Recombination of Parental Biochemical 
Components in a Baptisia Hybrid 
Population 
SEVERAL vears ago, Gibbs,! summarizing contri- 
butions of biochemistry to plant taxonomy, recognized 
the importance of the then relatively new techniques of 
paper) chromatography and forecast their wide 
application to systematics. Although a number of 
workers have applied chromatographic techniques to 
taxonomic problems in both botany and zoology?, the 
use of these techniques is not nearly commensurate 
with their potential value, perhaps because the co- 
operation of taxonomists and = persons trained in 
biochemical analysis has been slow to develop. The 
present Communication constitutes a brief description 
of work currently under way which is to be reported in 
greater detail elsewhere ;? the chomatographic analysis 
of individuals from a natural hybrid swarm of Baptisia 
laevicaulis ~ B. viridis (family Leguminosae), and cor- 
relation of these data with a similar analysis of the 
parental species collected in pure populations. ‘Three 
other species of Baptisia were also examined chroma- 
tographically. this contains about 30 
species of wide occurrence in the eastern United States, 
and hybridization among these species is common, it 1s 
highly probable that the scope of the present investi- 
gation will be extended. In this study we were par- 
ticularly concerned with the recombination of bio- 
chemical components peculiar to each parental species 

among the hybrid and back-crossed individuals. 


Since genus 
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The only previous study of this type, to our 
knowledge, is that of Mirov4 on Pinus, but Mirov 
restricted his analysis to the quantitative distribution 
of 3 terpenes, and his morphological study did not 
include hybrid indices. 

Baptisia laevicaulis and B. viridis differ in a number 
of morphological characters, the principal ones being 
shown in Table 1. 


, | » 
| RB, viridis B. laevicauti 
j 
} 1. Ovary Glabrous Densely villous 
2. Flowers | Bright yellow Pale vellow 


Absent 
| | mim. long 


Prominent, 20 40 | 
| 
Pedicels } 1 5mm, long 25 40 mm. long | 


3. Stipules 


Inflorescence Erect, straight Sharply retlexed 


Kxtracts for chromatography were prepared by 
boiling flowers briefly in L per cent hydrochloric acid 
and in ethanol. The ethanolic extracts were applied 
directly and the chromatograms developed in’ the 
aqueous phase of an ethyl acetate: 2N hydrochloric 
acid mixture by the descending method. Separate ex- 
tracts from 5 individuals of each parental species and 
10 selected hybrids were chromatographed simultane- 
ously. The chromatograms were observed in ammonia 
fumes in daylight and in ultra-violet light, and also 
after spraying with the p-dinitraniline reagent.2 A mini- 
mum of six Components which were restricted to one 
or the other parental species were observed. Although 
some other differences between the parental species 
were suggested, the six noted here (3 from each species) 
were absolutely clear-cut on the widely 
differing FR, values and/or significantly different 
colors in visible and ultra-violet light. Among the 10 
hybrid-type plants, there evident 
recombination of these different 
patterns as well as excellent correlation between the 
chromatographic pattern and the hybrid expression. 
That is, individuals showing biochemical 
nation invariably intermediate between 2. 
laevicaulis and B. viridis in their exomorphie charac- 
ters. Hybrid index values for cach plant were assigned 
and these will be described in detail elsewhere. 

An equally important result of the chromatographic 
analysis was the detection of a new and distinctive 
compound in two of the hybrid-type plants which was 
not observed in either parent, but which was present in 
a third species, B. leucantha, The appearance of this 
new component among the hybrids is significant in 
relation to genetical and evolutionary mechanisms. 

In contrast to the high degree of individual varia- 
tion expressed in the hybrid group, the chromato- 


basis of 


was strikingly 


components — in 


recombi- 
were 


grams of each parental type showed a marked uni- 
formity. In fact, individuals from a pure population 
of B. laevicaulis and 2B. viridis could be certainly 
identified from their chromatographic pattern alone. 
Chromatograms of the other 3 species, 73. leucantha, B. 
leucophaea and B. minor, showed distinctive 
patterns, and morphological resemblance between any 
two was accompanied by similarities in the biochemical 
pattern as expressed in the chromatograms. 

The gratifying results at this stage of the present 
investigation encourage an extension of the work to 
other parental and hybridizing populations, ultimately 
to include the entire genus. Patterns of variation 
among a number of pure populations of a species 
throughout its range may also be significant. It is not 
unrealistic to predict that analyses of 


also 


extensive 


biochemical patterns in populations might provide 
insight into the evolution of a group in the same way 
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that patterns of chromosomal rearrangements have 
been applied. 

In order to provide sufficient biochemical characters 
for what we regard as the ‘biochemical profile’ of a 
plant both multiple extraction procedures and 
multiple solvents must be employed. The extracts 
should be applied as a long streak across the paper, 
and, after development, the chromatogram should he 
cut vertically into a number of strips. Kach strip 
may then be sprayed with one of a set of spraying 
reagents selected to cover all major groups of metabo- 
lites and secondary plant products. Future refinoment 
of these techniques might provide for the inclusion of a 
‘biochemical profile? to supplement. standard «i 
seriptions of a given individual, population or spoci 
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B. L. Turner 
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Evidence for a Sliding Filament 
Contractile Mechanism in Tonic Smooth 
Muscles of Lamellibranch Molluscs 


fila nf 
muscles is 


STRUCTURAL evidence for a 
contractile 
well established! and is based on the following point 
(1) the existence of two kinds of filaments ; (2) the 
(3) tho discon 
tinuity of the filaments along the fibril; (4) the 
constancy of filament-length at different musele- 
lengths; (5) the changes observed in the relative 
positions of the two kinds of filaments as the muscle 
the similarity of X-ray diffraction 
differont muselo lengths. — Information 
about smooth muscles is much Jess complote, but 
(1) and (2) have already been demonstrated in- the 
funnel retractor and mantle muscles of the cophalopod 
Loligo?, and in the pharynx retractor of the gastropod 
Helix? ; and (6) has been shown for several smooth 
muscles of invertebrates*. 

In this communication we present evidence froin 
electron micrographs that (1) and (2) are true rea 
(3) and (4) are very likely true for the anterior byssits 
retractor Mytilus edulis, « muselo with 
particularly well-developed tonic properties, that is, 
it can maintain a high level of tension for prolong: | 
periods without signs of fatigue. We also include 
somo similar obtained for the translucent 
(yellow) part of the adductor muscle of the oyste! 
Gryphaea angulata which is not such a high!y 
specialized tonic muscle, 

Figs. 1-3 show the presence of two kinds of ero 
linked filaments in Mytilus and Gryphaea. Hore, : 
in all muscles where two kinds of cross-linked fil:- 
ments have been described, one kind is thin (diameter 
about 50 A.), tho other thicker. The latter are of 
fairly uniform diameter (about 100 A.) in’ phas 
smooth muscles like the funnel retractor of Loltge’, 


sliding 


mechanism, im cross-striated 


existence of bridges between them ; 


shortens : (6) 
patterns at 


muselo of 


results 
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but in tonie smooth muscles the diameter is very 
variable (150-1000 A. in Mytilus, 150-500 A. in 
Gryphaea). This range of diameters is seen in the 
cross-section of any fibre and may simply be due to 
variations between filaments. An alternative explan- 
ation is that the filaments are discontinuous along 
the fibre, each filament has the shape of an elongated 
spindle, and = (these being muscles) the 
liuments are not transversly aligned. 

There are large numbers of thin filaments (Fig. 1), 
and bridges link them to the thick ones (Figs. 2, 3). 
‘Tho axial spacing of the bridges is about the same 
(100-200 A.) as in similarly prepared sections of 

iated and Loligo muscles (see electron micrographs 
in refs. 1 and 2). Again, as in striated muscles, the 
bridges may belong to the thick filaments, for in 
proparations of the oyster muscle from which all the 
thin filaments have been extracted (by a fixative 
containing too little salt) bridges can be seen on the 
thick filaments. 


smooth 





3 


hiv. 1. Gryphaea, transverse section. Fig. 2. Gryphaea, longi- 


tudinal section. Fig. 3. Mytilus, longitudinal seetion 
(Scales: 1O00A.) 


ividence that the thick filaments in the Mytilus 
not shorten whon the muscle shortens 
omes from measurements which were made of their 
diameters in equivalent. fibres in’ pairs of muscles 
which had been fixed at different lengths. Although 
| short little as one-third the 
length of their partners, they showed no differences 
in filament diameters or in the relative numbers of 
filaments in each size category. (It should be noted 
that the filaments are thick cnough to be measured 

ficiently accurately.) ‘These thick filaments there- 

» do not shorten, and they must be discontinuous 
wlong the fibre. There is ample evidence that they 
ronain straight and parallel to the fibre axis. 

condly, it was argued that if the thick filaments 
from one end of the fibre to the 


isclo do 


muscles were as 


Were continuous 

other, and contracted, then transverse sections 
through stretched and shortened fibres should show 
considerable and predictable differences in the num- 
hors of filaments per unit area ; thus a fibre with an 


tial cross-sectional area of a would, after shortening 
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by 60 per cent, show the same number of filaments 
distributed over an area of 2-5 a if the fibre remained 
at constant volume. Making such a comparison woe 
find that there is in fact no consistent difference in 
tho numbers of filaments per unit area in long and 
short muscles, and never a difference on the scale 
predicted. All these results support the view that 
the thick filaments are discontinuous and do not 
contract, but instead change their positions, that. is, 
they slide. Whether or not this is also true of the 
thin filaments is still an open question. But we have 
observed in transverse sections through extended 
fibres of the oyster muscle that the thin filaments 
are absent around the thickest of the thick filaments 
but present around the others ; in shorter fibres all 
the thick filaments are surrounded by thin ones. 
This could mean that the thin filaments are dis- 
continuous and, in an extended muscle, do not reach 
as far as the middle (thickest) part of the thick 
filaments, a state of affairs which would be comparable 
to that in the // zone of a striated muscle, 

By analogy with the contractile mechanism = in 
striated muscles it be assumed that in these 
tonic smooth museles of lamellibranch molluses the 
tension developed during the active state is due to 
the formation of linkages between thick and thin 
filaments. The next problem will be to explain in 
structural terms the observation that in such smooth 
muscles the decay of tension can be two orders of 
magnitude slower than that of the active state* ; 
their capacity for prolonged tonic contraction may 
well be due to this extremely slow decay of tension. 

The muscles were held taut at a defined length 
and extracted with water-glycerol’, then equilibrated 
with 0-1 AZ potassium chloride at pH 6-8 and fixed 
at 0° ©, for Thr. in a 1 per cent osmium tetroxide 
solution buffered® at pH 7-0 or 7-4 and containing 
0-4 M sodium chloride (approximately isosmotic with 
sea water). After additional staining with phospho- 
tungstie acid (in 100 per cent ethanol) the fibres were 
embedded in ‘Araldite’ and sectioned. Similar results 
were obtained when living muscles were prepared by 
the same method, but the removal of material solublo 
in water-gleyerol greatly clarified the appearance of 
the contractile apparatus. 

Woe understand from Dr. Andrew G. Szent-Gyérgyi 
that a paper describing the presence of two kinds of 
filaments in tonic smooth muscles of lamellibranch 
molluses has been submitted for publication in the 
Journal of Ultra-structure Research by Vhilpott, 
Kahlbrock and Szent-Gyérgyi. 


could 
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ENTOMOLOGY 


Relationship between Larval and Pupal 
Periods of some Lepidopterous Insects 


EXPERIMENTS have been carried out in the United 
Kingdom and the United Arab Republic (Egypt) to 
show the effect of population density on the silver 
Y moth, Plusia gamma L. and the cotton leaf worm, 
Prodenia litura (Fab.) respectively. In these experi- 
ments two parallel cultures of solitary and crowded 
conditions were maintained for each species. 

When discussing the results obtained, an interesting 
phenomenon attracted our attention. That is, a 
negative relationship exists between the larval and 
pupal periods of each species irrespective of sex and 
culture. In other words, the longer the larval period, 
the shorter the pupal period and vice versa. This pheno- 
menon occurred in both solitary and crowded cultures 
as shown in Fig. 1. Results also showed that the larval 
period was longer in the solitary culture than in the 
crowded culture, while the opposite occurred in the 
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pupal period as the solitary ones had the shorter 
period (Table 1). Statistical analysis showed that the 
Table 1. 


| 
Larval period (days) | Pupal period (days) 
| 


Hpec ies | 
} | Crowded 


Solitary | Crowded Solitary 


| 
28-3 | ; 
| 


Plusia gamma (female)| | 26-2 18-3 19-5 
(male) 29-0 27-2 18-8 19-5 
Prodenia litura oe 23°3 22-4 12-7 13-1 
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differences between solitary and crowded conditions 
for larval and pupal periods were significant. 

It has been found that crowding accelerated 
pupation by the shortening of larval period of some 
Lepidoptera! and this was probably due to competition 
in the crowded culture. Accordingly, it may be 
suggested that the longer pupal period in the crowded 
condition and the shorter period in the solitary 
treatment might be a result of the negative relation- 
ship between the larval and pupal period. However, 
explanation of the nature of this negative relationship 
implies the need for further physiological investi- 
gations of both larvae and pupae of each culture 


M. A. ZAHER 
Department of Plant Protection, 
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Possible Role of Glycerol in the 
Winter-Hardiness of Insects 
DuRING investigations into the carbohydrases of 
insects! in the winter of 1957-58 it was found that the 
macerated tissue of the dormant larvae of the wood- 
boring insect of the species Melandrya striata, found 
in felled wood of Salix amygdaloides Anderss., con- 
tained a considerable proportion of glycerol as revealed 
by paper chromatography. This preliminary obser- 
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vation indicated that glycerol might be acting as an 
anti-freeze’,? a view supported by the observation that 
the larvae and the adult insects of M. striata did not 
contain glycerol during summer. 

The dormant black carpenter ants (Camponotus 
vennsilvanicus pennsilvanicus var.) and their eggs 
ound in Minnesota have now been shown to contain, 
in winter time, about 10 per cent of glycerol based on 
the weight of the dormant ants; the water content 
of the dormant ants was 55 per cent. Chromato- 
graphic analysis also indicated that the ants contained 
ylucose and an unidentified oligosaccharide, whereas 
the eggs contained no such compounds. The same 
species of ants in an active state obtained in Novem- 
1958, from Maryland contained glucose and 
fructose but no glycerol. That the glycerol is probably 
playing a major part in the winter hardiness of this 
species of carpenter ants is indicated by the obser- 


ber, 


vation that when the Minnesota ants were brought’ 


out of their state of dormancy by slowly allowing 
them to attain room temperature (20-25°C.), they 
became active and, after about three days, glycerol 
could no longer be detected in their macerated tissue. 
When the ants were returned to the dormant state, 
by cooling them slowly and keeping them for about 
) days at 0-5°C., glycerol was again found to be 
prosent in their tissue. We have taken the Minnesota 
units out of, and returned them to, a state of dormancy 
$ times by alternate warming and cooling. During 
induced dormancy the ants always contained glycerol 
ind each time they resumed an active state the 
glycerol disappeared. 

The glycerol was isolated from the Minnesota ants 
and from their eggs by extracting the macerated tissue 
with methanol. After purification by sheet paper 
chromatography, using pyridine/ethyl acetate/water 
(2:5:7) as the solvent, the glycerol readily formed a 
tri-p-nitrobenzoate, m.p. and mixed m.p. 196° (after 
recrystallization from acetone). 

The active ants from Maryland seemed to show some 
resistance to induced dormancy by cooling since they 
showed slight movement even at 0 to 5°C. whereas 
the Minnesota ants, treated in the same manner, were 
motionless. Nevertheless after keeping the Maryland 
ants at 0-5°C. for 30 days they contained glycerol. 

The dormant larvae of the European corn-borer 
Pyrausta nubilalis) have also been found to contain 
vlycerol. 

Although glycerol may well play a major part in the 
vinter hardiness of insects it is evidently not the only 
went which enables insects to survive the effects of 
treezing temperatures for we have found that the larvae 
f the wood-boring inseet, Parandra brunnea, and 
those of Osmoderma cremicola, do not contain vlycerol. 
to note that the finding of 
ycerol in insects offers a biological analogy for the 


It is of some interest 


technique of preserving bone marrow and semen in 
eerol at low temperatures. 
We are grateful to Mrs. Hewitt Fletcher, Sandy 
Springs, Maryland for a supply of active carpenter 
ants. We also thank Dr. EK. F. Cook, Dr. A. C. Hod- 
and Dr. F. G. Holdaway, Department of Ento- 

ology, University of Minnesota, for their assistance 
and interest in this work, and the U.S. Department of 
Avriculture for their support. 

P. DuBacH I. Smirn 

D. Pratr C. M. STEWART 
University of Minnesota, 
St. Paul 1, Minnesota. 


L 


bach, P., Pratt, D., Stewart, C. M., and Smith, F. (unpublished), 
t, R. W., Can. J. Zool., 37, 59 (1959). 


NATURE 


289 


Mode of Egg Laying in Tingidae 
(Hemiptera) 


ACCORDING to Imms! tingid bugs insert their eggs 
into plant tissue. Patel and Kulkarny*, who studied 
the bionomics of the brinjal tingid, Urentius echinus 
Dist., and Sharga? and Samuel‘, who studied the egg- 
laying habit of Monanthia globulifera Wlk., merely 
state that the eggs are inserted into the leaf tissue; 
none of these workers describes the actual way in 
which the eggs are thrust ‘into the plant tissue and 
what precedes the deposition of eggs. The purpose of 
the present communication is to describe an appar- 
ently unknown series of actions on the part of the 
female tingid, culminating in the deposition of an 
egg, which is invariably preceded by extensive 
probing and actual marking by the rostrum. 

The tingids included in the present study are 
Galeatus sp. on Barleria cristata... Urentius echinus 
Dist. on brinjal and Monanthia globulifera Wik. on 
Coleus sp. 

The three species insert their eggs into thetissue of 
tender portions of their host plants. The ovipositor 
is well developed, dagger-shaped, and pointed 
at the tip. While ovipositing, the female bug in all 
these species follows a very uniform procedure, the 
exact significance of which is not clearly understood. 
Before depositing an egg, the female moves about on 
the surface of the leaf or tender twig, all the time 
probing by means of the tip of her rostrum, and 
occasionally even inserting the stylets into the plant 
tissue and drawing them out. Finally, perhaps on 
finding a suitable laving, the whole 
length of the stylets is driven deep inside the plant 


tissue. 


site for egg 


With her stylets still inside the plant tissue the 
female moves her body forward by changing the incli- 
nation of the which were formerly inclined 
backwards and now lean forwards carrying the body 
with them. Then the stylets are withdrawn from the 
plant tissue, apparently with some difficulty. The 
ovipositor, as a whole, is slowly drawn out from 
underneath the abdomen, so that it almost assumes a 
position perpendicular to the abdomen. The tip of the 
ovipositor begins probing, obviously in search of the 
puncture made by the stylets, in order to insert an 
egg, and unless the bug locates this puncture with the 
tip of the ovipositor she does not lay an egg, and moves 
on to find another suitable place. 
inserted through the same puncture and the entire 
length is driven into the plant tissue. Next a series of 
alternate distentions and contractions of the abdomen 
and a sort of pumping action culminate in the depo- 
sition of an egg and immediate withdrawal of the ovi- 
positor from the plant tissue. During the process of 
egg laying the abdominal tip is very near the surface 
of the plant and the body is inclined at 30° to the plant 
surface. 


legs, 


The ovipositor is 


The opercular end of the egg is just visible at the 
surface of the plant. The entire from 
probing with the rostrum to the withdrawal of the 
ovipositor takes 3-4 minutes. 


} rOCESS 


The significance of the rostrum in oviposition in 
these tingids is not clearly understood. 
~ Further work on the egg-laying habit in different 
forms of the group, and the significance of this process 
is being pursued. 

Grateful thanks are due to 


Dr. M. Puttarudriah, 
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Government Entomologist, for providing facilities and 
encouragement. 
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Hebbal, Bangalore— -6. 
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PATHOLOGY 


Aneuploid Deoxyribonucleic Acid Content 
of Human Carcinomas 


THE basic question of whether primary human 
malignant tumours consist of euploid or aneuploid 
cells has so far remained unanswered. It has been 
possible to determine the chromosome complement 
and deoxyribonucleic acid content only of human 
earcinomas with cells exfoliated in fluid! )?, 
human carcinomas transplanted in rats and hamsters* 
and carcinomas grown in tissue culture.4:5 This lack 
of information can be attributed to several technical 
difficulties. counts) on human 
tumours cannot be generally obtained since a pre- 
treatment with colchicine is impossible. The deoxy- 
ribonucleic acid measurement by the one-wave-length 
method has so far been limited to interphase nuclei® in 
which the occurrence of deoxyribonucleic acid synthe- 
sis prevents any conclusions in regard to euploidy or 
aneuploidy. 


ascitic 


Chromosome solid 


This difficulty in interpreting the deoxyribonucleic 
acid data can be eliminated by selecting metaphases, 
anaphases or early telophases for the deoxyribonucleic 
acid determinations. The deoxyribonucleic acid con- 
tent of these mitotic stages can be considered to yield 
the basic amount, since synthesis is completed before 
the cells enter mitosis. By choosing metaphases and 
telophases the deoxyribonucleic acid content of 
dividing cells is revealed. This eliminates the criticism 
that the observed abnormal values are limited to dying 
cells of necrotic areas, which do not contribute to the 
growth of the tumour. 


The two-wave-length method of Patau has been 
applied for the deoxyribonucleic determination’. 
Each nucleus was measured twice. The average values 
are given in Fig. 1. Lymphocytes or polymorphs 
present in the same section as the tumour cells were 
used to obtain the deoxyribonucleic acid value of a 
diploid cell. The accuracy of the method applied 
evident by comparing the ratio between 
lvinphocytes and normal epithelium in metaphase and 
telophase, and between such metaphases and _ telo- 
phases. The ratios expected theoretically are 1:2, 1:1 
and 2:1, respectively. The values actually obtained are 
in close agreement with the theoretical ones, namely 
1:2°02, 1:0°99 and 2:1. 


becomes 
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hig. 1. The deoxyribonucleic acid content of telophase nuclei (solid) 
and of metaphase plates (outlined) of normal epithelium and adeno 
carcinomas Of breast, bronchus and large intestine. The diploid 
amount of deoxyribonucleic acid is given by the interphase nuclei of 
lymphocytes. 1, Lymphocytes; 2, epithelium; 3, breast carcinoma 
1, bronchogenic carcinoma; 5, 





intestinal carcinoma. 


The distribution of deoxyribonucleic acid in the cell 
population of lymphocytes, of normal intestinal 
epithelium and of carcinomas of bronchus, breast and 
large intestine is shown in Fig. 1. All three carcinomas 
consist of cells with aneuploid amounts of deoxyri- 
bonueleic acid. The deoxyribonucleic acid content of 
the carcinoma cells accumulate around a 
hexaploid value and the carcinoma of the intestine 
around a hyperdiploid modal value, whereas the 
deoxyribonucleic acid values of the bronchogenic 
carcinoma cells are scattered over a wider aneuploid 
range. The deoxyribonucleic acid content of the early 
telophases exhibits in both the carcinomas of the breast 
and bronchus a narrower range as compared with the 
values of the metaphase plates. This indicates that 
several of the aneuploid cells are unable to finish 
the mitotic cycle, a conclusion which is supported 
by the results obtained on human ovarian tumours’. 


breast 


Cells with aneuploid deoxyribonucleic acid contents 
have so far been found in 25 carcinomas of the large 
intestine’, in 4 carcinomas of the stomach®, in 5 
carcinomas of bronchus and 5 carcinomas of the 
breast. The aneuploid modal value and the spread of 
the deoxyribonucleic acid values around this value 
varies from tumour to tumour. No correlation between 
a particular aneuploid deoxyribonucleic acid amount 
and histological grade of malignancy has been 
observed. The only difference found so far was be 
tween benign polyps and adenocarcinomas of the 
intestine, the former having a normal diploid and the 
latter having an aneuploid deoxyribonucleic acid 
content’, 

The results obtained on different carcinomas of 
man demonstrate that primary malignant epithelial 
tumours regularly consist of cells with an aneuploid 
deoxyribonucleic acid content. The aneuploidy of the 
viable dividing cells is clearly demonstrated by the 
presence of aneuploid deoxyribonucleic acid contents 
in metaphases as well as in anaphases or early telo- 
phases. It can be concluded therefore that primary 


carcinomas of man are aneuploid and that the results 
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as endotoxins, zymosan, products of the 
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obtained on ascites fluids! or on grafted tumours? are 
comparable to the conditions present in the tumour of 


origin, 
H. F. Sricu 
Saskatchewan Research Unit of the 
Yational Cancer Institute of Canada, and 
Department of Cancer Research, 
University of Saskatchewan. 
H. KE. Emson 


Department of Pathology, University Hospital, 
University of Saskatchewan, 
Saskatoon, Sask. 
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Cancer Res 


Effect of Bacillus Calmette-Guérin 
Infection on Transplanted Tumours 
in the Mouse 


Durtenc the growth of certain transplanted tumours 
considerable hyperactivity of the reticulo-endothelia! 
tem is Similar alterations are 
found in the first stage of experimental infections’, 
uggesting that the host response to foreign tissue and 
Agents such 
tubercle 
bacillus, and Bacillus Calmette-Guérin — infeetion 
which enhance the activity of the reticulo-endothelial 
system? and the capacity for antibody production4 
iso increase natural resistance to infeetion®. In light 


observed. ! also 


some infectious agents is closely related. 


ft these observations, we have attempted to alter the 
erowth and lethality of various experimental tumours 
by agents known to possess the common property of 
stimulating the phagocytic capacity of the reticulo- 








«dothelial system. One such agent, zymosan, has 
heen demonstrated to increase significantly the re- 
rate of the tumour, sarcoma 180 
(S-180), under certain conditions®. The present report 
deals with the course of three transplantable tumours, 
‘-180, carcinoma 755 (Ca 755), and Ehrlich ascites, in 
mice infeeted with Bacillus Calmette-Guérin. 

Young, female Ha/ICR Swiss mice and C57 hybrid 
(bred by Dr. J. J. Bittner, University of 
Minnesota) weighing approximately 18-20 gm., were 
njyected intravenously with one mgm. Bacillus Cal- 
enitte Guérin wet weight. The Bacillus Calmette-Guérin 
Phipps’ strain) was grown in either Sauton’s (supplied 
through the courtesy of Mr. H. J. Henderson, Phipps 
Inst., Phila.,Pa) or the Dubos’ liquid medium. 
Neither morbidity nor mortality 
Bacillus Calmette-Guérin infection alone was observed; 
infected animals appeared active and perfectly healthy. 
At selected intervals following Bacillus Calmette- 
Guerin inoculation, infected animals and appropriate 
controls were chailenged with either solid tumour 
(S-180, Ca 755) implanted subcutaneously or by intra- 
peritoneal injection of Ehrlich ascites cells. 
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Growth of S-180 in normal Ha/JCR Swiss mice is 
characterized by death of 85-90 per cent of hosts in 
two to five weeks; the remainder of the mice undergo 
spontaneous regression of their tumours. ‘The effect 
of Bacillus Calmette-Guérin infection on the mortality 
associated with growth of this tumour is presented in 
Table 1.) In mice implanted with S-180 one day 


Table 1. MORTALITY FOLLOWING S-180 IMPLANTATION 
Days between B.C.G, infection and tumour 
incoulation 
Controls 1 7 14 19 25 67 
68/794 13/15 3/12 O/12 9/30 os | O/9 


| 
| 


f mortality/number per group 


following infection the regression rate was normal, 
whereas mice inoculated with the tumour seven days, 
or longer, after Bacillus Calmette-Guérin infection 
showed definite protection. Of the groups at seven 
and nineteen days post-infection, 70-75 per cent of 
tumours inoculated) with S-180 
fourteen, twenty-five, and sixty-seven days following 
Bacillus Calmette-Guérin infection were completely 
resistant to tumour growth. The tumours in Bacillus 
Calmette-Guérin infected animals developed normally 
for the first seven to ten days and then began de- 
creasing in size after the second week. The process of 
regression in animals infected with Bacillus Calmette- 
Guérin was essentially similar to that observed in the 


‘OOoOTre s4) e sgeae 
regressed; mice 


few control mice which rejected their tumours. In a 
group of C57 hybrid mice implanted with S-180 


fourteen days .following Bacillus Calmette-Guérin 
infection, only one out of eight animals regressed the 
implanted tumour; none of the tumours in the control 
animals regressed. The finding that C57 hybrid mice 
responded poorly to -180 inoculation at a time when 
Swiss mice were completely protected correlates well 
with our unpublished observation that the C57 hybrid 
does not attain as high a degree of reticulo-endothelial 
stimulation as Swiss mice following Bacillus Calmette- 
Guerin infection, 
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Fig. 1 demonstrates the altered course of the from the American Cancer Society. 
Ehrlich ascites tumour in Bacillus Calmette-Guérin | oO 
LOYD J. OLD 


infected Swiss mice. The average survival time in 
uninfected controls was 14 days. In animals inoculated 
with Bacillus Calmette-Guérin eleven or thirteen days 
previously, it was 27 days. Ascites formation in 
infected animals was not inhibited; in fact, during the 
course of the enhanced survival time, these animals 
frequently developed hugely distended abdomens. 
Despite the presence of appreciable quantities of 
ascitic fluid, the infected animals remained healthy 
and active for a longer period than their corresponding 
controls. 


Fable 2.0 Ca 755 IMPLANTED 17 DAYS FOLLOWING Bacillus Calmette 


Gluérin INFECTION IN COo7 HYBRIDS 


Average tumour diameter 


(em.) 
1O BCG Per cent mortality 
13 Controls Infected B.C 4G. Controls 
2o day 204 ORL | oo 
33 day 2-68 1-21 O28 
iS day B56 230 age 
B.C Bacillus Calmette-Guerin 


Table 2 summarizes the results of experiments con- 
cerned with the growth of Ca 755 in both normal and 
Bacillus Calmette-Guérin infected C57 hybrid) mice. 
In addition to the slower growth of this tumour, the 
Bacillus Calmette-Gueérin infected lived 
nificantly longer and frequently showed advanced-to 
complete regressive Changes in their tumours prior to 
death. This retardation in Ca 755 growth and increased 
survival time has also been observed in mice of a C57 
inbred line following Bacillus Calmette-Guérin infee- 


Spur- 


mice 


tion. 

The 
infection on appears 
most likely to be an expression of a more vigorous or 
Most) important, 
perhaps, is the finding that the mice are still resistant 
to the growth of S-180 sixty-seven days following 
infection. The significant degree of protection to Ca 
755 in terms of tumour retardation and prolonged 
survival time also points to a more competent immune 
response in the infeeted host. The increased survival 
time in infected animals with Ehrlich may 
reflect an enhanced, though insufficient, antibody 
response to the inoculated cells: however the results 
obtained may be ascribed to a more efficient 
reaction to endogenous infection which frequently 
uppears to be a contributing factor in the death of 
tumour bearers. 

The studies reported herein have been exclusively 
with = transplanted Present 
experiments are in progress to extend these obser- 


beneficial effect of Bacillus Calmette-Guerin 
the outeome of S-180° growth 
reaction, 


accelerated homograft 





ascites 


also 


concerned tumours. 
vations to the behaviour of first and second transplant 
tumours in’ Bacillus 
isologous hosts. If 


generations of spontaneous 
Calmette-Guerin infected 
resistance based on an immunological response exists 
to the development and progression of spontaneous 
neoplasms, the Bacillus Calmette-Guérin infected host 
with its greatly enhanced capacity to respond to anti- 
genic stimulation deserves special attention in studies 
concerning tumour immunity. 
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MICROBIOLOGY 


Lowered Bactericidal Efficiency of 
Hydrogen Peroxide on Milk from Cows 
treated with Penicillin 


During the course of experiments on the intro 
duction of hydrogen peroxide as a routine means of 


raw milk preservation, the following anomaly was 
observed. 
In a certain number of trials, the usual rate of 


bactericidal efficiency, which normally fluctuated 
between 80 and 94 per cent of chemically pure 30 
per cent hydrogen peroxide used at a concentration 
of 0-2 per cent was considerably lowered, at times !y 
30 70 per cent. In certain extreme cases, after one 
hour of hydrogen peroxide treatment, an actual rise 
in the initial number of milk microflora population 
At the same time many raw milk samp 

with a high catalase content were examined, where the 
percentage of destruction by hydrogen peroxide was 
lowered to 75 per cent of normal compared, It was 
therefore concluded that the anomalous results were 
caused by an unknown substance, present in raw mil 

The period of the investigation coincided with the 
summer of mass antibiotic treatment of the cattle, so 
we investigated the possibility that antibiotics in the 
milk were the cause of the interference phenomenoi. 
number of milk samples containing penicillin 
were treated with hydrogen perioxide. The 
were consistent with the supposition that the inte 
fering penicillin, which had been 
secreted into the milk during and after the treatinent 
of the cows. Total counts of milk by the pour plate 
method were made on Difco tryptone glucose yeast 
agar, and the observed results revealed. significant 
differences in the percentage of destruction, as con: 
pared with those of normal raw milk. 

Mixtures of 0-1, 095, 1:0, 5:0, 10, 20, 1.u./ml. peni- 
cillin (crystalline sodium G) with 0-2 per cent of 30 
per cent hydrogen peroxide in distilled water, and ray 
milk did not decompose hydrogen peroxide directly, 
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is it could bo quantitatively recovered when titrated 
odometrically with O-L N sodium thiosulphate. 

It was reasonable to assume that this was not a 
imple case of chemical interference between the two 
drugs, but a more complex interaction connected with 
he bacterial cell itself. 

When added artificially to normal raw milk, the 
lifferent concentrations of ;-cnicillin G in certain cases 
reproduced the interference, while in certain other 
trials the results were not satisfactory. 

The experiments were carried out with different 
<inds of raw milk, ranging in total initial count from 
10° to 108 bacteria/ml. and with penicillin concen- 
trations: 1-0, 0°75, 0°50, 0°25, 0-10, 0°05 t.u./ml. When 
the milk microflora had been in contact for two hours 
with the penicillin, and the milk was then treated 
vith 0-2 per cent of 30 per cent hydrogen peroxide, the 
interference was directly proportional to the con- 
centration of penicillin. 

The unsuccessful results suggest that the pheno- 
menon depends chiefly, not on the quantity, but on the 
uality of the very unhomogeneous milk microflora. 
Fherefore the behaviour of the various isolated 

oups of milk microflora, such as lactic organisms, 
coliforms, psychrophilic organisms, thermoduric and 
thermophilic organisms is now being investigated. 
Results obtained so far indicate that the thermoduric 
organisms may be responsible. The phenomenon 
described above was also reproducible when the 
nicro-organisms were grown and treated in nutrient 
roth. Further metabolic studies are in progress. 

\ detailed description of this work will be published 
lsewhere. 

J. BABAD 

Dairy Research Laboratory, I). L. Boros 
\vricultural Research Station, I’, BAER 

Beit Dagon, Israel. 
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Sex Chromatin (‘Chromoleme’) in the 
Purkinje Nerve Cells of some Mammals 


Tne greater percentage of ‘sex chromatin’ in the 
nuclei of somatic cells has been used for determining 
the genetic of tissues of most mammals, excepting 
he Rodentia and Lagomorpha, the nuclei of which 
chromatic masses which were wrongly 
nterpreted as sex chromatin. Nevertheless, the studies 


arbour 


f Luers'! on the blood cells of Lagomorpha, and of 


Castro et al.2 on the ameloblasts of Rodentia, showed 
ihe possibility of determining the sex in these animals. 

Most authors state that the detection of the genetic 
ex is based upon the finding of a single sex chromatin 
1 ‘chromoleme’’, which is supposed to be present in 


70 80 per cent of female nuclei, and 5-30 per cent of 


mute, 


lable 1, NUMBER OF CHROMOLEMES IN VARIOUS CELLS (PERCENTAGES 
EXCEPT COLUMN 1). 


No, of Man Rabbit Dog Cat 
Chromo- é . i $ ' 3 ¢ 
ke mes 

0 | 15 9 15 6 | 63d | 637 
1 | 83 +6 70 14 23 70 | 36076 
2 2 52 10 2 | 8 13 | 1 7 
3 | 3 6 14 | 1 2 | 
4 : 4 | 1 | . 

| 
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Nevertheless, we hope to demonstrate that the 
Purkinje cells provide evidence against the general 
applicability of such a viewpoint. For, in some 
animals we encountered a greater percentage of two 
chromolemes in the female, and a single one in the 
male. 

Cerebellum tissue from 5 pairs of each of the 
following species was studied: dog, cat, rabbit and 
human. 

Fragments were fixed (12-24 hr.) in 10 per cent 
formalin buffered to pH 6:9. Frozen sections, 20 
thick, were treated by the Feulgen technique and 
mounted in balsam after diaphanization with creosote. 
Only intact nuclei in the centre of the section were 
selected for counting. 

As can be seen from Table | in so far as the dog and 
cat are concerned, we fully agree with other authors. 
In fact, we found many nuclei with a single chromo- 
leme in the female, and only a small percentage in 
the male (in the female, 70 per cent for the dog and 
76 per cent for the cat; in the male, 28 per cent for 
the dog and 36 per cent for the cat). 

On the other hand, with regard to humans and the 
rabbit, as we have already remarked in wu previous 
paper?, a higher percentage with two chromolemes in 
the nuclei was discovered in the female, whereas 
many nuclei from the male had a single chromoleme. 

Thus sexing by the method of Barr and Bertram, is 
valid only within certain limits. In the case of the 
Purkinje cells, which we varied between the different 
groups of maminals selected for study, the diagnosis of 
sex is possible, in both humans and rabbits, when the 
nuclei containing one or two chromolemes are con- 
sidered. 

For the dog and cat, we can apply the principles of 
Barr and Bertam®, that the finding of a higher percen- 
tage of cells with a single chromoleme points to the 
female sex. For practical purposes a large number of 
cells containing one chromoleme indicate a female, 
whereas those with no chromoleme indicate a male. 

Similarly, in the case of the humans and rabbits, 
sections which show a high percentage of cells with 
a single chromoleme indicate a male; and those with 
a greater number of nuclei with two chromolemes 
indicate a female. 

It is our impression that these changes in the 
number and behaviour of the chromolemes can be 
ascribed either to fusion of the heterochromatins of 
the sex chromosomes®, or to a non-specific fusion of 
heterochromatins — of parts of other 
chromosomes?. 

According to our work in progress, such chromatin 
masses may confirm what Pavan and Breuer®, in 
Rhynchosciara angelae, called ‘genic secretion’, which, 
in mammals, would be a manifestation of the so-called 
‘metabolic chromatin’’, 
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Effect of Different Wild-Type Isoalleles 
on Crossing-over in Drosophila 
melanogaster 


EarLy experiments! had shown that wild-type 
stocks of Drosophila melanogaster carry different wild- 
type alleles at the sex-linked, white-eye (w) locus. A 
more recent? detailed genetic analysis demonstrated 
that the w* loci of the Canton-S (C) and Oregon-R (QO) 
wild-type stocks differ in the right-hand two of the 
four recombinationally separate w* loci. Thus C and 
O may be described by the notation CC and OO, where 
each letter represents two of the four loci. Derived 
wild-types carrying the right and left halves of the 
two stocks, that is CO and OC, have been successfully 
synthesized.! 

Experiments were designed as follows to determine 
whether the wild-type isoalleles could differentially 
influence the frequency of crossing-over in their 
vicinity. Three marker genes, yellow body (y), 
white-cherry eye (w™) and split bristles (spl) were 
selected and crossing-over studied among the progeny 
of females heterozygous for the three marker genes 
and either an intact or derived wild-type X chromo- 
some. Since the cross-over frequencies for the two 
intervals are rather low, the standard distances for 
each being 1°5, the females were also made hetero- 
zygous for the autosomal inversions Cy and Ubz'%, 
thereby maximizing the cross-over frequencies. Such 
a procedure, it was thought, might magnify any 
differences in crossing-over between the two wild- 
types should they exist. Paired, parallel experiments 
were carried out in order to minimize environmental 
effects on crossing-over. For example, crosses were 
made so that females heterozygous for CC and OO 
developed concurrently on the same lot of culture 
media. Virgin females of each genotype were collected 
during the same eight-hour interval and three females 
were collectively mated to y w spl sn? males in half-pint 
bottles. Three such matings were made with each 
heterozygote. After three days females were trans- 
ferred to fresh media for an additional three-day egg- 
laying period followed by a third three-day period. 
Culture media from the same lot was used for each 
egg-laying period, and flies were raised in a room whose 
temperature fluctuated between 22 and 24°C. 


Table 1. CROSSING OVER IN FEMALES OF GENOTYPE y weh spl/wt 


Cy/+; Ubr®/+. 
Cross-over frequency and per centage for interval 
Source of w+ |——— ——— — = —_—— 


> ch 


chromosome y wen uch spl 


285/6526 (3-58) 114/6525 (1-74) 
240/5210 (4-60) 125/5210 (2-39) 
104/2705 (3-84) 48/2705 (1-77) 
180/4087 (4-40) | 82/4087 (2-03) 
332/4375 (7-59) 90/4375 (2-06) 
451/5787 (7-79) | 1187/5787 (3-07) 
232/6458 (3-59) 92/6458 (1-42) 
232/4458 (5-17) 92/4458 (2-05) 


In Table 1 results of the crossing-over experiments 
have been compiled. The frequencies listed represent 
summations of all the progeny scored for each cross. 
It will be noted that the cross-over frequencies for each 
interval are greater among females heterozygous for 
OO than for CC. That this difference is apparently a 
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function of the right segment of the.w' region is born 
out by comparable crosses where the derived wild 
type chromosomes CO and OC were employed. Thes 
results, included in Table 1, show that for each interv 
the cross-over frequency was greater among female: 
heterozygous for CO than for those heterozygous fo 
OC. A comparison between the total cross-ove 
frequencies for all females whose right w+ segment was 
O with that of females whose right w+ segment was @ 
established this difference to be statistically significan 
(2 = 9°04, 1 d.f., P < 0°01). 

That the aforementioned differences in cross-ovel 
frequencies are not spurious is supported by a com 
pletely independent set of crosses. Crossing-ove' 
experiments were repeated employing intact anc 
derived wild-type X chromosomes coming from two 
wild-type stocks of independent origin, Formosa (f 
and Crimea (Cr). Genetic analysis of these stocks 
established that / and Cr carry different wild-type 
isoalleles in the right segments of their w+ loci. Insofar 
as can be determined at present these wild-type 
isoalleles of /’ and C are identical as are those of Cr and 
O. Parallel experiments were carried out. In one 
crossing-over in females heterozygous for FF or CrCr 
wild-type X chromosomes was compared; in the 
second females were heterozygous for CrF’ or FCh 
Inversions were included as noted above. 

The results of these experiments, listed in Table 1, 
parallel precisely those obtained with O and C. Thus 
for each interval the cross-over frequency was greatet 
in females whose right-half w* loci carried the F 
isoalleles as compared with those carrying the Cr 
isoalleles. Compared statistically the difference 
between the total cross-over frequency for all females 
whose right segment was Cr and those whose right 
segment was F is highly significant (x2 = 
P < 0001). These data demonstrate that t 
presence of a _ particular wild-type isoallele can 
influence significantly the cross-over frequency in its 
immediate vicinity. 

That the differences in cross-over frequency are @ 
primary function of the distinctive wild-type isoalleles 
is supported by a number of facts. A_ significant 
maternal effect seems unlikely since identical females 
were used throughout in obtaining heterozygotes. 
Specific autosomal influences are of doubtful impor: 
tance, especially since the autosomes were randomized 
while synthesizing the derived wild-types. Interaction 
effects are, however, not excluded. Precisely how the 
different isoalleles effect cross-over differences is not 
clear. One possibility is that they have dfferent 
pairing affinities for the mutated allele to which they 
were tested. 

These observations serve to explain, in part, the 
recombination differences between the Oregon and 
Samarkand wild-types of D. melanogaster reported by 
Lawrence.* They also point to the fact that wild-type 
isoalleles may have important evolutionary signifi- 
cance by providing a base from which genotypes 
producing high or low crossing-over frequencies can 
be selected. 

M. M. GREEN 
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